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Novel derivatives of cell surface proteins which are homologous to the immunoglobulin superfnmily (adhesonM are 
provided. Amio acid sequence variations arc introduced into adticson, the most noteuorthy of which are those in which 
trie transmembrane and, preferably, cytoplasmic domains are rendered functionally inactive, and in which adheson extrac- 
ellular domains replace an immunoglobulin v ariable rrr.ion. These \arianis are useful in therapy or diagnostics, in partic- 
ular, CD4 variants are therapeutically useful \w the tieatmeni of HIV infections. 



WO 89/02922 



PCT/US88/03414 



-1- 

ADHESON VARIANTS 

Background of the Invention 

This application relates to compositions for antiviral or 
5 immunomodulatory therapy. In particular, it relates to 

compositions useful in the treatment of Human Immunodeficiency 
Virus (HIV) infections. 



The primary immunologic abnormality resulting from 

10 infection by HIV is the progressive depletion and functional 

impairment of T lymphocytes expressing the CD4 cell surface 
glycoprotein (H. Lane et al. f Ann. Rev. Immunol. 2:477 [1985]). 
CD4 is a non-polymorphic glycoprotein with homology to the 
immunoglobulin gene superfamily (P. Maddon et al. f Cell 42:93 

15 [1985J). Together with the CD8 surface antigen, CD4 defines two 

distinct subsets of mature peripheral T cells (E. Reinherz et al. t 
Cell 12:821 (1980)), which ure distinguished by their ability to 
interact with nominal antigen targets in the context of class I and 
class II major histocompatibility complex (MHC) antigens. 

20 respectively (S. Swain, Proc. Natl. Acad. Sci. 2£:7101 [1981]; E. 

Engleman et al. t J. Immunol. 122:2124 [1981]; H. Spitz et al., J. 
Immunol. 122:1363 [1982]; W. BIddison ec al . , J. Exp. Med. 156:1065 
[1982]; and D. Wilde et al.. J. Immunol. 111:2178 [1983]). For the 
most part. CD4 T cells display the helper/inducer T cell phenotype 

25 (E, Reinherz, . although CD4 T cells characterized as 

cytotoxic/suppressor T cells have also been identified (Y. Thomas 
et al. 9 J. Exp. Med. 15^:459 [1981]; S. Meuer et al., Proc. Natl. 
Acad. Sci. USA Z2:4395 [1982]; and A. Krensky et al., Proc. Natl. 
Acad. Sci. USA 22:2365 [1982]). The loss of CD4 helper/inducer T 

30 cell function probably underlies the profound defects in cellular 

and humoral immunity leading to the opportunistic Infections and 
malignancies characteristic of the acquired Immunodeficiency 
syndrome (AIDS) (H. Lane supra ) . 
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Scudl s of HIV- 1 infection of fractionated CD4 and CD8 T 
cells from normal donors and AIDS patients have revealed that 
depletion of CD4 T cells results from the ability of HIV- 1 to 
selectively Infect, replicate in, and ultimately destroy this T 
lymphocyte subset (0. Klatzmann et al. t Science 22£:59 [1984]). 
The possibility that CD4 itself is an essential component of the 
cellular receptor for HIV- I was first indicated by the observation 
that monoclonal antibodies directed against CD4 block HIV-I 
Infection and syncytia induction (A. Dalgleish ec al., Nature 
[London] 212:767 [1984]; J. McDougal et al., J. Immunol. 135:3151 
[1985]). This hypothesis has been confirmed by the demonstration 
that a molecular complex forms between CD4 and gp!20, the nwjor 
envelope glycoprotein of HIV-I (J. McDougal et al. t Science 221:382 
[1986]; and the finding that HIV-I tropism can be conferred upon 
ordinarily non-permissive human cells following the stable 
expression of a CD4 cDNA (P. Maddon et al.. Cell 4Z:333 [1986]).. 
Furthermore, the neurotropic properties of HIV-I, reflected by a 
high incidence of central nervous system dysfunction in HIV-I 
Infected individuals (V. Snider et al., Ann. Neurol. 14:403 
[1983]), and the ability to detect HIV-I in the brain tissue and 
cerebrospinal fluid of AIDS patients (G. Shaw et al.. Science 
222:177 [1985]; L. Epstein, AIDS Res. 1:447 [1985]; S, Koenig. 
Science 221:1089 [1986]; D. Ho ec al., N. Engl. J. Med. 1U:1498 
[1985]; J. Levy et al.. Lancet H:586 [1985]), appears to have its 
explanation in the expression of CD4 in cells of neuronal, glial 
and monocyte/macrophage origin (P. Maddon, Cell 42:444 [1986]; I. 
Funke et al., J. Exp. Med. ifi£:1230 [1986]; B. Tourvieille et al. f 
Science 224:610 [1986]). 

In addition to determining the susceptibility to HIV-I 
infection, the manifestation of cytopathic effects in the Infected 
host cell appears to involve CD4. Antibody to CD4 was found to 
inhibit the fusion of uninfected CD4 T cells with HIV-I infected 
cells in vitro; moreover, the giant multinucleated cells produced 
by this event die shortly after being formed resulting In the 
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depletion of the p pulati n f CD4 cella (J. Lifs n et ml.. Sci nc 
222:1123 f 1986]) . Formation of syncytia also requires gp!20 
expression, and can be elicited by coculturing CD4*positlve cell 
lines with cell lines expressing the HIV-I ejxy. gene in the absence 
of other viral structural or regulatory proteina (J. Sodroski et 
ml.. Nature 222:470 [1986J; J. Lifson et ml., Nature 323:725 
[1986]). Thus, in mediating both the initial infection by HIV-I as 
well as eventual cell death, the interaction between gp!20 and CD4 
constitutes one of several critical entry points in the viral life 
cycle amenable to therapeutic intervention (H. Mitsuya et ml.. 
Nature 122:773 [1987]). 



15 



20 



25 



The known sequence of the CD4 precursor predicts a 
hydrophobic signal peptide, an extracellular region of 
approximately 370 amino acids, a highly hydrophobic stretch with 
significant Identity to the membrane -spanning domain of the class 
II MHC beta chain, and a hirhly charged intracellular sequence of 
40 residues (P . Madden, Cell £2:93 [1985]). The extracellular 
domain of CD4 consists of four contiguous regions each having amino 
acid and structural similarity to the variable and Joining (V-J) 
domains of immunoglobulin light chains as well as related regions 
in other members of the immunoglobulin gene superfamily (a subclass 
of which are defined herein by the coined term •adhesons" . These 
structurally similar regions of CD4 are termed the V lf V 2 , V 3 and 
V4 domains (denominated 1-4 in Fig. 3). 



30 



35 



A successful strategy in the development of drugs for the 
treatment of many receptor mediated abnormalities has been the 
identification of antagonists which block binding of the natural 
llgand. Since the CD4 adheson ordinarily binds to the recognition 
sites of the HIV envelope It would appear to be a candidate for 
therapeutically sequestering these HIV sites, thereby blocking 
viral Infectivity. However, full length CD4 and other adhesons are 
cell membrane proteins which are anchored in the lipid bilayer of 
cells. The presence of membrane components will be undesirable 
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fr a the standp int of manufacturing and purification. In 
audition, since adhesons are normally present only on cell 
surfaces, it would be desirable to produce adhesons in a form which 
is more stable in tha circulation. Additionally, even truncated, 
soluble CD4 adheson (generally referred to as CD4T) may not be 
optimally effective as a therapeutic since it possesses a 
relatively short biological half -life, binds to HIV no better than 
cell surface CD4, may not cross the placental or other biological 
barriers and since it merely sequesters the HIV recognition sites 
without in itself bearing an infected-cell killing or virus killing 
functionality. 

Accordingly, it is an object of this invention to produce 
soluble, secreted adhesons. It is another object to produce CD4 
derivatives useful In the treatment of AIDS and related conditions, 
in a manner essentially unaffected by the extreme degree of genetic 
variation observed among various HIV- I Isolates and their 
respective £nv polypeptides (J. Coffin, Cell 4£:1 [1986]). Still 
another object is to prepare adhesons fused to other polypeptides 
In order to provide molecules with novel functionalities such as 
those described above for therapeutic use, or diagnostic reagents 
for the in vitro assay of adhesons or their ligands. In 
particular, it is an objective to prepare molecules for directing 
toxins or effector molecules (for example the Fc domain of 
immunoglobulin) to cells bearing receptors for the adhesons, e.g. 
HIV gpl20 in the case of CD4, and for use in facilitating 
purification of the adhesons. It is a further object to provide 
stable, highly purified adheson preparations. 

i 

The objects of this invention are accomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adheson, 
in particular a variant in which the trans -membrane domain Is 
modified so that it is no longer capable of becoming lodged in tfie 
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cell membrane. In the case of CD4 such variants are termed soluble 
CD4. 

Variant adhesons are produced by a method comprising (a) 
transforming a host cell with nucleic acid encoding an amino acid 
sequence variant of an adheson, (b) culturing the host cell and (c) 
recovering the variant adheson from the host cell culture media or 
.. from lysates of the host cell. 

In specific embodiments, the objects of this invention are 
accomplished by providing an adheson variant selected from the 
group consisting of (a) an adheson amino acid sequence variant 
having an inactivated transmembrane domain and (b) a polypeptide 
comprising an adheson extracellular domain fused to the sequence of 
a polypeptide which is different from the adheson, this latter, for 
example, selected from a cytotoxin, an immunogen or a protein with 
a long plasma half life such as an immunoglobulin constant domain. 

In a preferred embodiment a polypeptide comprising a gpl20 
binding domain of the CD4 adheson is fused at its C- terminus to an 
immunoglobulin constant domain, or is linked to a cytotoxic 
polypeptide such as ricin. 

The CD4 adheson variants provided herein are purified and 
formulated in pharmacologically acceptable vehicles for 
administration to patients in need of antiviral, neuromodulacory or 
immunomodulatory therapy, in particular patients Infected with HIV, 
and for use in the 7 modulation of cell adhesion. 

Brief Description of the Drawing 
Figs, la-lc depict the amino acid and nucleotide sequence 
of a secreted form of the CD4 adheson. The signal processing site 
is designated with an arrow. 
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Figs. 2a- 2c depict th amino acid and nucle tide sequence 
cf a fusion of the herpes gD leader and N- terminal 27 residues to 
the putative mature N- terminus of CD4T. 

Fig. 3 depicts the structural elements of the native and 
soluble CD4 adheson, the native human IgC^ heavy chain and two 

exemplary heavy chain- CD4 chimeras. 



Figs. 4a- Ab are a map of the linkered human IgGi ( 71 ) chain 
fragment employed in the preparation of CD4 fusions. Insert sites 
are designated 7 1 and Fc. 

Fig. 5 is a map of the human * light chain fragment useful 
for CD4 fusions at the arrow flanked by V K J K (light variable and 
Joining) and C K (light constant). 

Detailed Description 
Adhesons are cell surface polypeptides having an 
extracellular domain which is homologous to a member of the 
immunoglobulin gene superfamily. excluding, however, highly 
polymorphic members of this superfamily selected from the group of 
class 1 and class II major histocompatibility antigens, 
immunoglobulins and T-cell receptor o, 0, 7 and 6 chains. Examples 
of adhesons include CD1, CD2, CD4. CD8 , CD28, the 7. 6 and € 
chains of CD3, OX-2, Thy-1, the intercellular or neural cell 
adhesion molecules (I-CAM or N-CAM) , lymphocyte function associated 
antigen-3 (LFA-3), neurocytoplasmic protein (NCP-3), poly-Ig 
receptor, myelin-associated glycoprotein (MAG), high affinity IgE 
receptor, the major glycoprotein of peripheral myelin (Po) , 
platelet derived growth factor receptor, colony stimulating factor- 
1 receptor, macrophage Fc receptor, Fc gamma receptors and 
carcinoembryonic antigen. Homologous as defined herein means 
having the sequence of a member of the immunoglobulin gene 
superfamily or having a sequence therewithin which l^s 
substantially the same as (or a greater degr e of) amino acid 
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s quenee h oology t a kn vm member of the superfamily as the 
specific examples given ab ve have to the sequence of an 
immunoglobulin variable or constant domain. Preferred adhesons are 
CD4, CD8 and high affinity IgE Fc receptor. 

This invention is particularly concerned with amino acid 
sequence variants of adhesons. Amino acid sequence variants of 
adhesons are prepared with various objectives in mind, including 
increasing the affinity of the adheson for its binding partner, 
facilitating the stability, purification and preparation of the 
adheson. increasing its plasma half life, improving therapeutic 
efficacy as described above in the background, Introducing 
additional functionalities and lessening the severity or occurrence 
of side effects during therapeutic use of the adheson. Amino acid 
sequence variants of adhesons fall into one or a combination of the 
following classes: insertional, substitutional or deletional 
variants . 

Insertional amino acid sequence variants are those in which 
one or more amino acid residues extraneous to the adheson are 
introduced into a predetermined site in the adheson including the C 
or N termini. Such variants are referred to as fusions of the 
adheson and a different polypeptide. Such other polypeptides 
contain sequences other than those which are normally found In the 
adheson at the inserted position. Several groups of fusions are 
contemplated herein. Immunologically active adheson fusions 
comprise an adheson and a polypeptide containing a non-adheson 
epitope. The non-adheson epitope is any immunologically competent 
polypeptide, i.e., any polypeptide which is capable of eliciting an 
immune response in the animal to which the fusion is to be 
administered or which is capable of being bound by an antibody 
raised against the non-adheson polypeptide. Typical non-adheson 
epitopes will be those which are borne by allergens, autoimmune 
epitopes, or other potent immunogens or antigens recognized by pre- 
existing antibodies in the fusion recipient, including bacterial 
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polypeptides such as trpLE, beta-galact sidase, viral polypeptides 
such cs herpes gD protein, and the like. Immunogenic fusions are 
produced by cross -linking in vitro or by recombinant cell culture 
transformed with DNA encoding an Immunogenic polypeptide. It is 
preferable that the immunogenic fusion be one in which the 
immunogenic sequence is Joined to or Inserted into the adheson 
antigen or fragment thereof by a peptide bond(s) . These products 
therefore consist of a linear polypeptide chain containing adheson 
epitopes and at least one epitope foreign to the adheson. It will 
be understood that it is within the sccpe of this invention to 
Introduce the epitopes anywhere within the adheson molecule or 
fragment thereof. Such fusions are conveniently made in 
recombinant host cells or by the use of bifunctional cross -linking 
agents. The use of a cross-linking agent to fuse the adheson to 
the immunogenic polypeptide is not as desirable as a linear fusion 
because the cross-linked products are not as easily synthesized in 
structurally homogeneous form. 

These immunogenic insertions are particularly useful when 
iormulated into a pharmacologically acceptable carrier and 
administered to a subject in order to raise antibodies against the 
adheson; which antibodies in turn are useful In diagnostics or in 
purification of adheson by Immunoaffinity ' techniques known per se. 
Alternatively, in the purification of adhesons, binding partners 
for the fused non-adheson polypeptide, e.g. antibodies, receptors 
or Uganda, are used to adsorb the fusion from impure admixtures, 
after which the fusion is eluted and, if desired, the adheson is 
recovered from the fusion, e.g. by enzymatic cleavage. 

Other fusions, which may or may not also be immunologically 
active, include fusions of the adheson sequence with a signal 
sequence heterologous to the adheson, fusions of transmembrane - 
modified CD4 adhesons, for example, to polypeptides having enhanced 
plasma half life (ordinarily >about 20 hours) such as 
immunoglobulin chains or fragments thereof, and fusions with 
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cytot xic functionalities. Signal a quence fusions are employed in 
order to tore expeditiously direct the secretion of the adheson. 
The heterologous signal replaces the native adheson signal, and 
when the resulting fusion is recognized, i.e. processed and cleaved 
by the host cell, the adheson is secreted. Signals are selected 
based on the Intended host cell, and may include bacterial yeast, 
mammalian and viral sequences. The herpes gD glycoprotein signal 
is suitable for use in mammalian expression systems. 

Plasma proteins which have enhanced plasma half- life longer 
than that of transmembrane modified CD4 include serum albumin, 
immunoglobulins, apo lipoproteins, and transferrin. Preferably, the 
adheson-plasraa protein fusion Is not significantly immunogenic in 
the animal in which it is used and the plasma protein does not 
cause undesirable side effects In patients by virtue of its normal 
biological activity. 

In a specific embodiment the adheson immunoglobulin- like 
domain which may be homologous either to the constant or to the 
variable region doiaains is conjugated with an immunoglobulin 
constant region sequence. The resulting products are referred to 
herein as immunoadhesons . Immunoglobulins and certain variants 
thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent 4,745,055; EP 256,654; 
Faulkner ec al. f Nature 221:286 (1982); EP 120,694; EP 125,023; 
Morrison. J. Immun. 122:793 (1979); Kohler et al., P.N.A.S. USA 
22:219? (1980); Raso et al., Cancer Res. 41:2073 (1981); Morrison 
ec al., Ann. Rev. Immunol. 2:239 (1984); Morrison, Science 229:1202 
(1985); Morrison et al., P.N.A.S. USA 11:6851 (1984); EP 255,694; 
EP 266,663; and W0 88/03559. Reassorted immunoglobulin chains also 
are known. See for example U.S. patent 4,444,878; WO 88/03565; and 
EP 68,763 and references cited therein. 



Ordinarily, the domains of adhesons that are homologous to 
immunoglobulins and extracellular in their native environment are 
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fused C- terminally to the N- terminus of the c nstant regi n of 
immunoglobulins in place of the variable reglon(s) thereof, 
retaining at least functionally active hinge t CH2 and CH3 domains 
of the constant region of an immunoglobulin heavy chain. This 
ordinarily is accomplished by constructing the appropriate DNA 
sequence and expressing it in recombinant cell culture. 
Immunoglobulins and other polypeptides having enhanced plasma half 
life are fused to the extracellular or ligand binding domains of 
other adhesons in the same fashion. 

The boundary domains for the CD4 V-like regions (V1-V4) 
are, respectively, about 100-109, about 175-184, about 289-298, and 
about 360-369 (based on the precursor CD4 amino acid sequence in 
which the initiating met is -25; Fig. la). CD4 sequences 
containing any of the CD4 V domains are fused to the immunoglobulin 
sequence. It is preferable that the V1V2 or V1V2V3V4 be fused at 
their C-termini to the immunoglobulin constant region. The precise 
site at which the fusion is made is not critical; the boundary 
domains noted herein are for guidance only and other sites 
neighboring or within the V regions may be selected in order to 
optimize the secretion or binding characteristics of the CD4. The 
optimal site will be determined by routine experimentation. In 
general, it has been found that the fusions are expressed 
intracellular^, but a great deal of variation is encountered in 
the degree of secretion of the fusions from recombinant hosts. For 
instance, the following table demonstrates the various 
immunoglobulin fusions that have been obtained by the method of 
this invention. In all examples of CD4 immunoadhesons , the CD4 
signal was used to direct secretion from 293 cells. Lower case m 
represents murine origin, while the lower case h designates human 
origin. V and C are abbreviations for immunoglobulin variable and 
constant domains respectively. The numerical subscripts Indicate 
the number of parenthetical units found in the designated mul timer. 
It will be understood that the chains of the multimers are believed" 
to be disulfide bonded in the same fashion as native 
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immun globulins. The CD4 Ixmnun adhesons typically contained either 
the first N-terminal 366 r sidu s of CD4 (CD4 4 ) r the first 180 N- 
terminal residues of CD4 (CD4 2 ) linked at their C- terminus to the * 
(light) chain or IgGl heavy chain constant region (7I) . 



Table I 

Secreted Product 



hCD4«mC M 



hCD4-mC 7 i 



hCD4«mC JC + hCD4-mC. 



hCItt-hC. 



hCD4-hC, 



hCD4.hC-. + hCD4-hC„ 



mV * c * + hCD4-hC 7 i 



*ND - Not detected 



mV^C* and/or (mV^C*^ 
KD 

<aV (C C /c ) 2 (mV 7l C 7l ) 2 + 
mV^C* and/or (mV K C K } 2 

hCD4-mC x and/or (hCD4-mC lc )2 
ND 

(hCD4-nC JC )2(hCD4.mC 7 x)2 + 
hCD4-mC K and/or (hCD4-mC iC )2 

hCD4-hC ie and/or (hCD4-hC <c ) 2 

(hCD4-hC 7 i) 2 

(hCD4-hC*) 2 (hCD4-hC 7l )2 + 
hCItt-hC* and/or (hCItt-hC^ 

(mV JC C lc )2(hCD4-hC T i)2 + 
raV^C* and/or (mV^C*)^ 



It is interesting to observe from this table that the CD4-human 
heavy chain immunoadheson was secreted as a diraer whereas the * 
analogous murine construction was not detected (this not excluding 




iWil 
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the intracellular accumulation of the protein, however). The 
; ability of the hCD4-hC 7 l cransformants to produce heavy cliain dimer 
i was unexpected since previous work had suggested that 
iirmunoglobulln heavy chains are not secreted unless the hosts are 
co trans formed with nucleic acid encoding both heavy and light chain 
(Valle at al. f Hftfiyxfi 241:338 [1981]). According to this 
invention. CD4-IgG iraaunoadheson chimeras aye readily secreted 
--wherein the CD4 epitope is present in heavy chain dimers, light 
chain monomers or dimers, and heavy and light chain heterotetramers 
wherein the CD4 epitope is present fused to one or more light or 
heavy chains, including heterotetramers wherein up to and including 
all four variable region analogues are derived from CD4. Where 
light-heavy chain non-CD4 variable domain is present, a 
heterofunctional antibody thus is provided. 



Various exemplary hetero-and chimeric immunoadheson 
antibodies produced in accordance with this invention are 
schematically diagrammed below. "A" means at least a portion of 
the extracellular domain of an adheson containing its. ligand 
binding site; V L , V H , C L and C H represent light or heavy chain 
variable or constant domains of an immunoglobulin; n is an integer; 
and Y designates a covalent cross-linking moiety. 

(a) AC L ; 

(b) AC L -AC L ; 

25 (c) AC H -(AC H . AC L -AC H , AC L -V H C H , V L C L -AC H , or V L C L -V H C H ] ; 

(d) AC L -AC H -[AC H , AC L -AC Hf AC L -V H C H , V L C L -AC H , or V L C L -V H C H ] ; 

(e) AC L -V H C H -[AC H , AC L -AC H( AC L -V H C H . V L C L -AC H , or V L C L -V H C„] ; 

(f) V L C L -AC H -[AC Hf AC L .AC H , AC L -V H C H( V L C L -AC H , or V L C L -V H C H ]; 
or 

» (g) IA-Y] n -[V L C L -V H C H ]2. 

n 

The structures shown In this table show only key features, 
e. g. they do not show Joining (J) or other domains of the 
Immunoglobulins, nor are disulfide bonds shown. These are omitted" 
in the interests of brevity. However, where such domains are 
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required for binding activity they shall be construed as being 
present in the ordinary locations which they occupy in the adheson, 
immunoadheson or immunoglobulin molecules as the case may be. 
These examples are representative of divalent antibodies; more 
5 complex structures would result by employing immunoglobulin heavy 

chain sequences from other classes, e.g. IgM. The immunoglobulin 
V L V H antibody combining site also designated as the companion 
immunoglobulin, preferably is capable of binding to a predetermined 
antigen. 

10 

Suitable companion immunoglobulin combining sites and 
fusion partners are obtained from IgC-1, -2, -3, or -4 subtypes, 
IgA, IgE, IgD or IgM, but preferably IgC-1. 

15 A preferred embodiment is a fusion of an N- terminal portion 

of CD4, which contains the binding site for the gpl20 envelope 
protein of HIV, to the C-terminal F c portion of an antibody, 
containing the effectcr functions of immunoglobulin G^. There are 
two preferred embodiments of this sort; in one, the entire heavy 

20 chain constant region is fused to a portion of CD4; in another, a 

sequence beginning in the hinge region just upstream of the papain 
cleavage site which defines IgG F c chemically (residue 216, taking 
the first residue of heavy chain constant region to be 114 [Kobat 
ec al., "Sequences of Proteins of Immunological Interest" 4th Ed., 

25 1987], or analogous sites of other immunoglobulins) is fused to a 

portion of CD4. These embodiments are described in the examples. 

More particularly, those variants in which one or more 
immunoglobulin- like domains of an adheson are substituted for the 

30 variable region of an immunoglobulin chain are believed to exhibit 

improved in vivo plasma half life. These chimeras are constructed 
in a fashion similar to chimeric antibodies in which a variable 
domain from an antibody of one species is substituted for the 
variable domain of another species. See, for example, EP 0 125 

35 023; Munro, Nature H2: (13 December 1984); Neuberger et al . , 
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Nature 212: (13 December 1984); Sharon et al., Nature (24 May 

1984); Morrison et al., Proc. Natl. Acad, Scl. USA £1:6851-6855 
(1984); Morrison et al. Science 222:1202-1207 (1985); and Boulianne 
et al., Nature 112:643-646 (13 December 1984). The DNA encoding 
the adheson immunoglobulin- like domaln(s) is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin* like domaln(s) and at a point at or near the DNA 
encoding the N- terminal end of the mature adheson polypeptide 
(where use of a different leader is contemplated) or at or proximal 
to the N-terminal coding region for the adheson (where the native 
adheson signal is employed). This DNA fragment then is readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and,, if necessary, tailored by deletlonal 
mutagenesis. Preferably, this is a human immunoglobulin when the 
variant Is intended for in vivo therapy for humans. DNA encoding 
immunoglobulin light or heavy chain constant regions is known or 
readily available from cDNA libraries or is synthesized. See for 
example, Adams et al . # Biochemistry 12:2711-2719 (1980); Gough et 
ai., Biochemistry 12:2702-2710 (1980); Dolby et ai. f P.N.A.S. USA, 
iZ:6027-6031 (1980); Rice et al., P.N.A.S. USA 22:7862-7865 (1982); 
Falkner et al., Nature 22&:2S6-288 (1982); and Morrison et al., 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or ijununoadheson chimeric 
chain(s) is transfected into a host cell for expression. If the 
host cell is producing an immunoglobulin prior to trans feet ion then 
one need only transfect with the adheson fused to light or to heavy 
chain to produce a heteroantibody. The aforementioned 
immunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result in 
dual specificity for adheson ligand and for an antigen. These are 
produced by the above -described recombinant methods or by in vitro 
procedures. In the latter case, for example, F(ab') 2 fragments of 
the adheson fusion and an immunoglobulin are prepared, the F(ab')2 
fragments converted to Fab' fragments by reduction under mild 
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r educing conditions, and then reoxluized in each thcr's presence 
under acidic conditions in accord with methods known per se. See 
also U.S. patent 4 ,444,878. 

Additionally, preeddures are known for producing intact 
heteroant lbodles from immunoglobulins having different 
specificities. These procedures are adopted for the in vitro 
production of heterochimeric antibodies by simply substituting the 
immunoadheson chains for one of the previously employed 
immunoglobulins . 

In an alternative method for producing a heterofunctional 
antibody, host cells producing an adhe son -immunoglobulin fusion, 
e.g. transf acted myelomas, also are fused with B cells or 
hybridomas which secrete antibody having the desired companion 
specificity for an antigen. He te rob i functional antibody is 
recovered from the culture medium of such hybridomas, and thus may 
be produced somewhat more conveniently than by conventional in 
vitro resorting methods (EP 68,763). 

Another group of fusions are those in which an adheson is 
conjugated with a toxic substance, e.g. a polypeptide such as ricin 
(including deglycosylated ricin A chain), diptheria toxin A, or a 
non-peptidyl cyto toxin. Where the toxin is a polypeptide it is 
convenient to cross- link the polypeptide to the adheson or its 
transmembrane -deleted variant by conventional in vitro protein 
cross- linking agents (for suitable methods for linking ricin A 
chain or deglycosylated A chain to CD4 see, for example, Duncan ec 
ml., "Analy. Biochem." 112:68-73 [1983]; Thorpe et al., -Cancer 
Res." £2:5924 [1987]; and Chotie ec ml., -Cancer Res.- 4£:2610 
[1988]) or by recombinant synthesis as a fusion (see for example, 
U.S. Patent 4,765,382). Alternatively, where companion antibodies 
are anti-ricin antibody immunoglobulin variable domains, such 
immunoglobulin heteroantibedies are employed to deliver ricin tcw 
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HIV Infect d c lis f 11 wing th general procedure of Ras ec al . , 
Ca-cer Research, 41:2073 (1981). 

Another class of adheson variants are deletlonal variants. 
Deletions are characterized by the removal of one or more amin 
acid residues from a adheson sequence. Typically, the 
transmembrane and cytoplasmic domains of adhesons ar deleted. In 
the case of CD4, at least residues 368 to 395 (the transmembrane 
region), and ordinarily 396-433 as well (the cytoplasmic domain), 
will be deleted to obtain secreted forms of this adheson. 
Parenthetically, the amino acid residues follow the numbers given 
for mature CD4 as noted, for example, In figures la - 1c. Thus, 
CD4T molecules generally will terminate In the vicinity of about 
residues 366-368, or at any other suitable site N- terminal theret 
which preserves the gpl20-binding capability of the CD4 variant. 

Substitutional variants are those in which at least one 
residue in the adheson sequence has been removed and a different 
residue Inserted in Its place. The native N- terminal residue for 
mature CD4 is now known to be lysine. Thus, the sequence showr. in 
Fig. 1, with an N- terminal asparagine, is an amino acid sequence 
variant of native mature CD4. Table 2 below describes 
substitutions which In general will result in fine modulation of 
the characteristics of the CD antigen. 
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TABLE 2 

Original ResldMft Exemplary Substitutions 



Ala 


ser 






Arg 


lys 






Asn 


gin; 


his 




Asp 


glu 






Cys 


ser; 


ala 




Gin 


asn 






Glu 


asp 






Gly 


pro 






His 


asn; 


gin 




He 


leu; 


val 




Leu 


He; 


val 




Lys 


arg; 


gin; 


glu 


Met 


leu; 


ile 




Phe 


met; 


leu; 




Ser 


thr 






Thr 


ser 






Trp 


tyr 






Tyr ' 


trp; 


phe 




Val 


lie; 


leu 





Substantial changes in function or immunological identity 
are made by selecting substitutions that are less conservative than 

25 those in Table 2, i.e., selecting residues that differ more 

significantly in their effect on maintaining (a) the structure of 
the polypeptide backbone in the area of the substitution, for 
example as a sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the bulk 

30 of the side chain. The substitutions which in general are expected 

to produce the greatest changes in adheson properties will be those 
in which (a) a hydrophilic residue, e.g. seryl or threonyl, is 
substituted for (or by) a hydrophobic residue, e.g. leucyl, 
isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteinyl or prolyl 

35 is substituted for (or by) nny other residue; (c) a residue having 
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an electropositive side chain. e.g., lysyl, arginyl, or hist Idyl, 
is substituted for (or by) an electronegative residue, e.g., 
glutamyl or aspartyl; or (d) a residue having a bulky side chain, 
e.g., phenylalanyl, is substituted for (or by) one not having a 
side chain, e.g. , glycyl. 

A preferred class of substitutional or deletional variants 
are those involving the transmembrane region of the adheson. The 
transmembrane region of the adheson is a highly hydrophobic or 
lipophilic domain that is the proper size to span the lipid bilayer 
of the cellular membrane. It is believed to anchor the adheson in 
the cell membrane. 

Deletion or substitution of the transmembrane domain will 
facilitate recovery and provide a soluble form of the adheson by 
reducing its cellular or membrane lipid affinity and improving its 
water solubility. If the transmembrane and cytoplasmic domains are 
deleted one avoids the introduction of potentially immunogenic 
epitopes, either by exposure of otherwise intracellular 
polypeptides that might be recognized by the body as foreign or by 
insertion of heterologous polypeptides that are potentially 
immunogenic. A principal advantage of the transmembrane deleted 
adheson is that it is secreted into the culture medium of 
recombinant hosts. This variant is water soluble and does not have 
an appreciable affinity for cell membrane lipids, thus considerably 
simplifying its recovery from recombinant cell culture. 

It will be amply apparent from the foregoing discussion 
that substitutions, deletions, insertions or any combination 
thereof are introduced to arrive at a final construct. As a 
general proposition, all variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic sequence. This is generally accomplished by deletion 
of the relevant domain, although adequate insertional oT~ 
substitutional mutagens also can be effective f r this purpose. 
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For example, the transmembrane domain is substituted by any amino 
acid sequence, e.g. a random or homopolynucleic s quence of about 5 
to 50 serine, threonine, lysine, arglnine, glutamine, aspartic acid 
and like hydrophllic residues, which altogether exhibit a 
hydrophiiic hydropathy profile, so that it is secreted into the 
culture medium of recombinant hosts. This variant, should also be 
considered to be an adheson variant. 

These variants ordinarily are prepared by site specific 
mutagenesis of nucleotides in the DNA. encoding the adheson, thereby 
producing DNA encoding the variant, and thereafter expressing the 
DNA in recombinant cell culture. However, variant adhesons also 
are prepared by in vitro synthesis. Obviously, variations made in 
the DNA encoding the variant adhesons must not place the sequence 
out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure deleterious to 
expression (EP 75.444A). The CD4 variants typically exhibit the 
same gpl20 binding activity as does the naturally -occurring 
prototype, although variants also are selected in order to modify 
the characteristics of the CD4 adheson as indicated above. 

While the site for introducing an amino acid sequence 
variation is predetermined, the mutation per se need not be 
predetermined. For example, in order to optimize the performance 
of a mutation at a given site, random mutagenesis may be conducted 
at the target codon or region and the expressed adheson variants 
screened for the optimal combination of desired activities. 
Techniques for making substitution mutations at predetermined sites 
in DNA having a known sequence are well known, for example M13 
primer mutagenesis. 

Adheson variants that are not capable of binding HIV gpl20 
are useful nonetheless as immunogens for raising antibodies to the 
adheson or as immunoassay kit components (labelled, as a 
competitive reagent for gp!20 assay, or unlabelled as a standard 
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f r an adheson assay) so 1 ng as at least one adheson epitope 
regains active. 

The DNA encoding adhesons la obtained by known procedures. 
See Williams, Immunol. Today 1:298-303 (1987) and citations 
therein. In general, prokaryotes are used for cloning of CD4 
variant DNA sequences. For example, E. coll strain SR101 (for 
propagating m!3 phage, a A -resistant strain of JM 101; Messing at 
al., Nucl. Acids. Res. £(2):309-321 [1981]); and £. coll K12 strain 
294 (ATCC No. 31446) are particularly useful. Other microbial 
strains which may be used include E. coll B, UM101 and E. coll 
X1776 (ATCC No. 31537). These examples are illustrative rather 
Chan limiting. 

DNA encoding the variant adhesons are inserted for 
expression into vectors containing promoters and control sequences 
which are derived from specias compatible with the intended host 
cell. The vector ordinarily, but need not, carry a replication 
site as well as one or more marker sequences which are capable of 
providing phenotypic selection in transformed cells. For example, 
E. coll is typically transform! 1 using a derivative of pBR322 which 
is a plasmid derived from an £. coll species (Bolivar, et al. ( Gene 
2: 95 [1977)). pBR322 contains genes for ampicillin and 
tetracycline resistance and thus provides • easy means for 
identifying transformed cells. The pBR322 plasmid, or other 
microbial plasmid must also contain or be modified to contain 
promoters and other control elements commonly used in recombinant 
DNA constructions. 

Promoters suitable for use with prokaryotic hosts 
illustratively include the ^-lactamase and lactose promoter systems 
(Chang at al . , Nature, 221: 615 [1978]; and Coeddel ec al., Nature 
251: 544 [1979]), alkaline phosphatase, the tryptophan (trp) 
promoter system (Coeddel, Nucleic Acids Res. £: 4057 [1980] and EPO* 
Appln. Publ. No. 36,776) and hybrid pr meters such as th tac 
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prcnoter (H. de Boer et al., Proc. Natl. Acad. Scl. USA SQ: 21-25 
[1983]). However, other functional bacterial promoters are 
suitable. Their nucleotide sequences are generally known, thereby 
enabling a skilled worker operably to ligate them to DNA encoding 
the adhescn variant using linkers or adaptors to supply any 
required restriction sites (Siebenlist et al., Cell 22 : 269 
[1980]). Promoters for use in bacterial systems also will contain 
a Shine -Dalgarno (S.D.) sequence operably linked to the DNA 
encoding the antigen. 

In addition to prokaryotes, eukaryotic microbes such as 
yeast cultures also are useful as cloning or expression hosts. 
SftCChflEQTOYceg cerevislae. or common baker's yeast is the most 
commonly used eukaryotic microorganism, although a number of other 
strains are commonly available. For expression in Saccharomyces , 
the plasmid YRp7, for example, (Stinchcomb, et al.. Nature 282 : 39 
[1979]; Kingsman et al, Gene 2: 1*1 [1979]; Tschemper et al. B Gene 
lfi: 157 [1980]) is commonly used./ This plasmid already contains 
the trpl gene which provides a selection marker for a mutant strain 
of yeast lacking the ability to grow in tryptophan, for example 
ATCC no. 44076 or PEP4-1 (Jones, Genetics j£: 12 [1977]). The 
presence of the trpl lesion as a characteristic of the yeast host 
cell genome then provides an effective means of selection by growth 
in the absence of tryptophan. 

Suitable promoting sequences for use with yeast hosts 
include the promoters for 3-phospIioglycerate kinase (Hitzeman et 
al., J. Biol. Chem. 211: 2073 [1980]) or other glycolytic enzymes 
(Hess ec al., J. Adv. Enzyme Reg. 2: 149 [1968]; and Holland, 
Biochemistry 12: 4900 [1978]), such as enolase, glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofruc toklnase , glucose - 6 - phosphate isomer ase, 3- 
phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose lsomerase, and glucokinase. 
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Other yeast pr motors, which are inducible pr meters having 
the additional advantage of transcription controlled by growth 
conditions, are the promoter regions for alcohol dehydrogenase 2, 
isocytochrome C, acid phosphatase, degradatlve enzymes associated 
with nitrogen metabolism, metallothionein, glyceraldehyde-3- 
phosphate dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Suitable vectors and promoters for use in 
yeast expression are further described in R. Hitzeman et ml., 
European Patent Publication No. 73,657A. Yeast enhancers also are 
advantageously used wit*: yeast promoters. 

Promoters for controlling transcription from vectors in 
mammalian host cells may be obtained from various sources, for 
example, the genomes of viruses such as: polyoma, Simian Virus AO 
(SV40), adenovirus, retroviruses, hepatitis-B virus and most 
preferably cytomegalovirus, or from heterologous mammalian 
promoters, e.g. the beta actin promoter. The early and late 
promoters of the SV40 virus are conveniently obtained as an SV40 
restriction fragment which also contains the SV40 viral origin of 
replication. Fiers et al., Nature, 221: 113 (1978). The immediate 
early promoter of the human cytomegalovirus is conveniently 
obtained as a flindlll E restriction fragment. Creenaway, P.J. et 
al., Gene ifi: 355-360 (1982). Of course, promoters from the host 
cell or related species also are useful herein. 

DNA transcription in higher eukaryotes is increased by 
inserting an enhancer sequence into the vector. Enhancers are cis- 
acting elements of DNA, usually from about 10 to 300bp, that act to 
increase the transcription initiation capability of a promoter. 
Enhancers are relatively orientation and position independent 
having been found 5' (Laimins, L. et ml., Proc .Natl .Acad. Sci . 2fi: 
993 [1981]) and 3' (Lusky ( M.L., et ml., Mol. Cell Bio. 2: 1108 
(1983]) to the transcription unit, within an intron (Banerji, J.L, 
et al., Cell 21: 729 [1983)) as well as within the coding sequence 
itself (Osborne, T.F., et ml., Mol. Cell Bio. 1293 [1984]). 
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Many enhancer sequences are now known from mammalian genes (glob in , 
elastase, albumin, a-fet protein and insulin). Typically, however, 
one will use an enhancer from a eukaryotlc cell virus. Examples 
include, the SV40 enhancer on the late side of the replication 
origin (bp 100-270), the cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, 
and adenovirus enhancers. 

Expression vectors used in eukaryotic host cells (yeast, 
fungi, insect, plant, animal, human or nucleated cells) may also 
contain sequences necessary for the termination of transcription 
which may affect mRNA expression. These regions are transcribed as 
polyadenylated segments in the untranslated portion of the mRNA 
encoding the adheson. 

Expression vector systems generally will contain a 
selection gene, also termed a selectable marker. Examples of 
suitable selectable markers for mammalian cells are dihydrofolace 
reductase (DHFR) , thymidine kinase or neomycin. When such 
selectable markers are successfully transferred into a mammalian 
host cell, the transformed mammalian host cell can survive if 
placed under selective pressure. There are two widely used 
distinct categories of selective regimes. The first category is 
based on a cell's metabolism and the use of a mutant cell line 
which lacks the ability to grow independent of a supplemented 
medium. Two examples are: CHO DHFR* cells and mouse LTK" cells. 
These cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine . Because these cells lack 
certain genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided in a supplemented medium. An alternative to supplementing 
the medium is to introduce an intact DHFR or TK gene into cells 
lacking the respective genes, thus altering their growth 
requirements. Individual cells which were not transformed with the 
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DHFR or TK gene will not be capable f survival in non supplemented 
n* *dia. 

The second category is dominant selection which refers to a 
5 selection scheme used in any cell type and does not require the use 

of a mutant cell line. These schemes typically use a drug t 
arrest growth of a host cell. Those cells which have a novel gene 
would express a protein conveying drug resistance and would survive 
the selection. Examples of such dominant selection use the drugs 

10 neomycin, Southern P. and Berg, P., J. Molec. Appl. Genet. I: 327 

(1982), mycophenolic acid, Mulligan, R.C. and Berg, P. Science 209 : 
1422 (1980) or hygromycin, Sugden, B. et al. f Mol. Cell. Biol. $: 
410-413 (1985). The three examples given above employ bacterial 
genes under eukaryotic control to convey resistance to the 

15 appropriate drug G418 or neomycin (geneticin), xgpt (mycophenolic 

acid) or hygromycin, respectively. 

"Amplification" refers to the increase or replication of 
an isolated region within a cell's chromosomal DNA. Amplification 
is achieved using a selection agent e.g. methotrexate (MTX) which 
inactivates DHFR. Amplification or the making of successive copies 
of the DHFR gene results in greater amounts of DHFR being produced 
in the face of greater amounts of MTX. Amplification pressure is 
applied notwithstanding the presence of endogenous DHFR, by adding 
ever greater amounts of MTX to the media. Amplification of a 
desired gene can be achieved by cotransfecting a mammalian host 
cell with a plasmid having a DNA encoding a desired protein and the 
DHFR or amplification gene permitting cointegration. One ensures 
that the cell requires more DHFR, which requirement is met by 
replication of the selection gene, by selecting only for cells that 
can srow in the presence of ever-greater MTX concentration. So 
long as the gene encoding a desired heterologous protein has 
cointegrated with the selection gene replication of this gene gives 
rise to replication of the gene encoding the desired protein. The 
result is ;hat increased copies of the gene, i.e. an amplified 
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geno, encoding the desired het r logous protein express more of the 
desired h t rolog us protein. 

Preferred host calls for expressing the CD antigen variants 
5 of this invention are mammalian cell lines, examples including: 

monkey kidney CV1 line transformed by SV40 (COS- 7, ATCC CRL 1651); 
human embryonic kidney line (293, Graham, F.L. et al., J. Gen 
Virol. 2£: 59 [1977] and 293S cells [293 subclones selected for 
better suspension growth]); baby hamster kidney cells (BHK, ATCC 

10 CCL 10); Chinese hamster ovary- ce lis -DHFR (CHO, Urlaub and Chasin, 

Proc. Natl. Acad. Sci. (USA) 22= «16 t [1980]); mouse Sertoli cells 
(TM4, Mather, J. P., Biol. Reprod. 22: 243-251 [1980]); monkey 
kidney cells (CV1 ATCC CCL 70); african green monkey kidney cells 
(VERO-76, ATCC CRL- 1587); human cervical carcinoma cells (HELA, 

15 ATCC CCL 2); canine kidney cells (MOCK, ATCC CCL 34); buffalo rat 

liver cells (BRL 3A, ATCC CRL 1442) ; human lung cells (W138, ATCC 
CCL 75); human liver cells (Hep C2 ( HB 8065); mouse mammary tumor 
(MKT 060562, ATCC CCL51 cells); and TRI cells (Mather, J. P. et al. f 
Annals N.Y. Acad. Sci. 2&1: 44-68 [1982]). 

20 

"Transformation" means introducing DNA into an organism so 
that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integration. One suitable for transformation of 
the host cells is the method of Graham, F. and van der Eb, A., 

25 Virology 5£: 456-457 (1973). However, other methods for 

introducing DNA into cells such as by nuclear injection or by 
protoplast fusion may also be used. If prokaryotic cells or cells 
which contain substantial cell walls are used as hosts, the 
preferred method of transfectlon is calcium treatment using calcium 

30 chloride as described by Cohen, F.N. et al., Proc, Natl. Acad. Sci. 

(USA), £2: 2110 (1972). 

Construction of suitable vectors containing the desired 
coding and control sequences employ standard and manipulative 
35 ligation techniques. Isolated plasmids or DNA fragments are 
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cleaved, tailored, and rellgated in the form doalred to fen the 
plaamlds required. Suitable procedurea are mil known for the 
construction deaeribed herein. See, for example, (Manlatie. T. «t 
ml -< HfflMWlnr filmifllg. 133-134 Cold Spring Harbor, (1982]; 
"Current Protocol! in Molecular Biology", edited by Ausubel ec a2.| 
11987], pub. by Greene Publishing Aaaoclate. & Wiley- Xnterselenee) . 

Correct plasaid sequence* are confined by transforming £. 
coil K12 .train 294 (ATCC 31446) with ligation mixtures, successful 
transfonants selected by amplcillin or tetracycline resistance 
where appropriate, plasmids from the transfonants prepared, and 
then analyzed by restriction enzyme digestion and/or sequenced by 
the method of Messing et al., Nucleic Acids Res. £: 309 (1981) or 
by the method of Maxam et al.. Methods in Enzymology 63: 499 
(1980). 

Host cell, are transformed with the expression vectors of 
this invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substances for inducing promoters, 
■electing transfonants or amplifying genes. The culture 
conditions, such as temperature, pH and the like, are those 
previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

The secreted adheson variants are recovered and purified 
from the. culture supernatants or lysates of recombinant hosts. 
Typically, the supernatants are concentrated by ultrafiltration, 
contacted with a llgand affinity or Immunoafflnity matrix so aa to 
•dsorb the adheson variant, and eluted from the matrix. 
Optionally, the adheson 1. purified by Ion exchange chromatography. 

. Surprisingly, purification of soluble CD4 adheson from 
culture medium wa. unexpectedly difficult. Notwithstanding that " 
the hydrophobic transmembrane region f th antigen had been/ 
deleted, the antigen exhibited a strong tend n y t fon aggregate. 
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that could ba readily removed from auapanaion by centrlfugatlon at 
1000 x g. and. which avidly coat surfaces auch aa ultrafiltration 
membranes. Thia appaara to roault from tha reduction in 
conconcratlon of albumin or othar aaxua protaln (ordinarily praaant 
in tha cruda preparation) to a particular laval. below which tha 
truncatad antlg.n no longar remains aolubla . Thia phenomenon 
appaara to ba aggravated by axpoaura of tha CD4 adhaaon to low pH 
« about pH 4). Aa a raault, aaparation procaduraa (particularly 
thoaa that employ add alutlen, auch aa lamunoafflnlty) ahould ba 
modified ao that tha aluata la maintained at, or Immediately 
returned to, about neutrality. Further, a aurfactant, a.g. a 
datargant auch aa Twaan 80, ahould be includad with tha antlgan 
during tha aaparation procedure. Tha final purified product will 
ba atablliaad with a predetermined protaln auch aa albuain. and/or 
a datargant. 
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Tha purified adhaaon ia formulated into conventional 
pharmacologically acceptable axclplanta. 

It la administered to patlanta having HIV infection at a 
dosage eapabla of maintaining a concentration of graatar than about 
100 ng of aolubla CD* adheaon/ml plasm*. For CD4 adhaaon variant, 
having different molecular waighta, about 2 plcomolaa of aolubla 
receptor per ml of plasma will ba initially evaluated clinically in 
order to establish a atolchiomatrlc equivalence with native 
(membrane bound) and aolubla receptor. The ordinary doaage of 
aolubla CD4 la 100 MgAg of patient weight/day. 

Tha therapeutic CD4 varianta are employed with other 
therapies and agent, for tha traatmant of AIDS, including AZT, 
neutralizing antibodia. and immunocy to toxin.. gpl20 fr.gm.nt. and 
vaccinas. 
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In order to facilitate under standing of th. following 
examplee certain frequently occurring methods and/or terms will ba 
described. 

-Plasaida" ara dealgnated by a lower caaa p pracadad and/or 
f ollovad by capital lattars and/or numbers . Tha starting plasmlds 
harain ara aithar commercially avail«bla, publicly avail abla on an 
unraaerictad basis, or can ba conatructad fro. availabla plasmlds 
in accord with publiahad procadur... m addition, equivalent 
plasmlds to those daacribad ara known in tha art and will ba 
apparant to tha ordinarily aklllad artisan. 



•Digestion- of DHA raf ara to catalytic claavaga of tha DNA 
irith a rastrictlon oniym. that acts only at certain saquancas in 
15 tha DHA. Tha various rastrictlon anrymas usad harain ara 
commercially av.il.bl. and thair raactlon conditions, cofactora and 
othar requirement, wara usad as would ba known to tha ordinarily 
aklllad artisan. Por analytical purpo..., typically 1 >g of 
plasmld or DNA fragment is usad with about 2 units of antyaa in 
about 20 „1 of biiifer aolution. For tha purpos. of isolating DNA 
fragmenta for plasnid construction, typically 3 to 50 „g of DNA ara 
«ig..t.d with 20 to 250 unit, of .nrym. i„ . Urg-r 
Appropriate, buffar. and substrata amount, for particular 
rastrietion enrymes ar. .pacified by tha manufacturer. Incubation 
tin., of about I hour at 37'C ara ordinarily used, but nay vary in 
accordance with tha auppli.r'e in. true tion. . After dige.tion the 
reaction i. elactrophore.ed directly on a polyacrylamld. gel to 
iaolate the desired fragnent. 



•Recovery- or ■isolation- of a given fragment of DNA from « 
restriction digest means separation of the digest on poly.cryl.mid. 
or agaroae gel by electrophoreais, identification of the fr.gm.nt 
of lnteroat by comp«rl.on of it. mobility ver.u. th.t of marker DNA 
fr.gm.nt. f known m l.cular weight, removal of tha gel ..ctlon 
c ntaining the de.lred fr.gm.nt, and «.p.;«tl n f the gel f r m 
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DRA. Thl. proc.dur. 1. known g.narally (Lawn, R.. .t .1., Hucl.le 
Acid. R... 2: 6103-61U [1981], and Coaddal. 0. ae .2.. Nucleic 
Acid. R... fl: 4057 (1980]). 

•Daphoephorylation- r.f.r. to tha raaov.1 of tha tarain.1 
5' pho.ph«t.. by tra.ta.nt with b«et.rt.l .lk.li™ pho.ph.tw. 
(BAP). Thl. proc.dur. pravwit. th. two r..triction cl.avad and. of 
• DNA fr.g».„e fro. -clrcul.rlxlngf or foraing . do..d loop that 
would iap.da Ins.rtlon of anoth.r OKA fr^t .t th. r..trletion 
•it.. Procdur.. and r.agant. for dapho.phoryl.tlon and oth.r 
raeooblnrat manipulation, ara convantional. Raaetlbna ualng BAP 
«. c«ri.d out in SOnM Trl. .t 68'C to «* pr ... th. .ctivity of 
«ny .xonuclaa... which »y b. pr..ant 1» th. .nrya. pr.p.r.tion. 
Raaction. vara run for 1 hour. Following th. r..ction th. OKA 
fr.ga.nt 1. gal purlfiad. • . 

-Ligation- rafar. to th. proe... of for»ing pho.phodi..t.r 
bond, botwan two doubl. .tr.nd.d nuel.ie acid fragaant. (haniati. 
T. .e .2., Id. at 146). <M1... oth.rwi.a providad, ligation m«y be 
•ccoapli.had wing known buff.r. and condition, with 10 unit, of T4 
DNA lig... (-lig„.-, p. r 0.5 „ of approxi.at.ly aquiaolar aaount. 
of th. DHA fr.ga.nt. to ba ligatad. 

-Filling, or -blunting- rafar. to th. procadura. by vhich 
th. .ingl. . trand . d . nd ln ^ cohMlv- t>rnimu ef ^ rMtrletion 

•nry»..cl.«.d nucl.ic .cid i. convartad to . doubl. .trand. Thi. 
•liainat.. th. coh..iv. t.rainu. and fora. . blunt . nd . ^ 
proc... i. . t00l for conv . rtlng , r „ trletl0B cut 

that aay b. coh..iv. with th. .nd. cr..t.d by only on. or . f.v 
•thar ra.trictio„ a«yaa. into . t.rainu. coapatibl. with any 
blunt-cutting r..triction .ndonucla... or oth.r fillad coha.iv. 
tarainu.. Typically, blunting i. .ccoapli.h.d by incubating 2- 
15M8 of tha targat DNA in 10aH MgCl 2 , laM dithlothr.itol, 50a* 
N.C1, 10aM Trl . (pH 7 .5, buffar .t .bout 37'C in th. pra.anc. of 8 
unit, f th. Kl.„ow fr.ga.nt f DNA polyaarasa 1 and 250 mM f ..ch 



PCT/US88/03414 



-30-" 

of the four deoxynucleoalde * triphosphate.. The Incubation 
generally la taralnatad after 30 min. phonol and chloroform 
oxtracelon and othanol praelpltatlon. 

_Tha following examples merely illustrate tha bait aoda now 
contemplated for practicing tha invention, but ahould not ba 
conatruod to limit tha invantlon. 

*»Tlffl 1 

Construction of Vector, far- t*^ Bmniri^ of 
Batlw CPA. end Smm+.A Ttorl^n^ 

Section 1 

Tha plaamld uaad for recombinant ayntheala of human CD4 waa 
pSVeCDADHFR. Tha plasald vaa constructad aa followa: 

ACD4P1 containing moat of tha coding aaquanca of human C04 . 
(obtained from a human placantal cDNA library' ualng ollgonuclaotldo 
probaa baaad on tha publiahad aaquanca [Kaddon «e «I. 1983]) vaa 
dlgaatad with EcftRI to produce tha cDNA inaart. Thla fragment waa 
recovared by polyacrylamida gel electrophoreaia (fragment 1). 

pUC18 waa dlgeated with EcaRI and the aingle fragment 
recovered by polyacrylamida gel electrophoreaia (fragment 2). 
Fragment 1 waa llgatad to fragment 2 and tha ligation mixture 
eranaformed into B. coll atrain 294. Tha tranaformad culture waa 
plated on amplelllln media plate, and reeiatant colonlaa aelected. 
Plaamld DHA waa prepared from tranaformanta and checked by 
reatrietion analyala for tha preaance of the correct DMA fragmenta. 
Thla plaamld la referred to aa pUCCD*. 

pSVeE'DHFR (Muealng at ml.. Cell 4fl:6°l-701 J1987J) waa 
dlgeated with KBQl «nd fiflmHI and blunted with E.< eoU DMA 
polymeraaa 1 (Rlenow fragment) and the four dNTPa. Fragment 3 
containing the pML-Amp r region, SV40 early promoter, the HIV LTR, 
and the m uae DHFR gene vaa rec v red by gel eleetr phoreala.' 
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Ugated and the ligation mixture transformed into B. eoll strain 
294. The transformed culture «u placed en ampicillln media plates 
and reslatant colonies selected. Plasmid DNA was prepared froa 
tranrformants and checked by restriction analysis for the presence 
of the fifflHI restriction site and the absence of the Kfifll 
restriction site. This plasald is referred to as pSVeoBKDHFR and 
allows IfiftRl-fiaaHI fragments to be Inserted after the SV40 early 
promoter and transcribed under its control, following transfection 
Into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8. below) were made 
to extend fro. 76 bp 3' of the initiation codon of CM translation 
to the Bui restriction .if at 121 bp 3' of the initiator, with 
the sequence AAXT at the 5* end of the sense strand to generate an 
end which could ligate to an ££flRI restriction fragment. These 
oligonucleotide, were ligated and the 204 bp fragment containing . 
the entire .equenco recovered by gel electrophore.i. (fragment 4). 

C04 adaptor I: AATTCAARCCCACACCCCTCCCATTTCTCTGGCCTCACCTCCCT 
CD4 adaptor 2: pA(TOCTCAGCCCCTTCCTCCCTCCCCAA(WCCACAAT(^CCCGCCACTC 
C04 adaptor 3: pCCTTTTACGCACTTCCTTCTGGTCCTGCAACTGGCCCTCCTCCCACC 
CD4 adaptor 4: 

P AGC ^CTCAG<X^AACAAAGTSGTGCTCGGCAAAAMGCGGATACAGTCGAACTCACCTGT 
CD4 adaptor 3: pACAGCTCACTTCCACTCTATCCCCTTTTTTGCCCAGCACCACTTTCTTTCC 
CD4 adaptor 6: pCTGAGTCGCTGCTGGGACGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7: pGCCTAAAAGCGACTCCCCCGTTCATTGTGGCCTTGCCGAGGGAGGAAGGG 
CD4 adaptor 8: GCTGAGCAGTAGGGACCTGAGCCCACAGAAATGGCAGGGCTCTGGGCTrc 

PUCCD4 v.. digested with EtAl .„ d fi^i , nd th . 40l bp 
fragment containing part of the CD4 coding sequence recovered *>• 
g.l alectrophoresi. (fragment 3). pUC18 wa. dlge.ted with fco.R X 
«nd SHI .„d the fragment compri.lng the bulk of the pl.. B i d 
recovered by gel electrophore.i. (fragment 6). Fragment. 4 and 5 
vere ligated to fragment 6 and the ligation mixture transformed 
Int B. eoll .train 294. The transf rm.d culture wa. pl . t .d „ 
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Mplclllio Mdla pUt.. tod r.,l.t«nt colon!.. ..l.et.d. Plaaaid 
DNA <« pr.par.d fro. tranafomant. and ch.clcd by r..triction 
analyal. for th. pr...nc. of th. eorrtet fragMnt. Th. a.,u.nc. of 
th. lna.rt.d ay«th.tic DNA v M c h.ektd by .xciaing th. 60S bp 
BfiftRI-SttI fraga»nta fro. a.v.r.1 tranafonanta and Ugating th.. 
to H13*pl9 which had boon dlg.at.d irlth th. iw .nay™.. Aft.r 
trn.fon.tlon int. S. eoli .train JK101, ain,l.-.trand.d DNA wa. 
pr.par.d and ..quanc.d. On. pl.«.id which contained th. corr.ct 
a.quanc. «u ..l.et.d. ind la r.f.rr.d to a. pCDAint. 

pCD4iot vaa dlg..t.d with I^RI and fittf and fr.ga.nt 7 
containing th. 5' .nd of th. CD4 coding roglon v.. r.covr.d by gal 
•l.ctrophor..l.. pUCCDft wa. dlg..t.d with Sa£l and fiaaHi and th. 
113? bp fragMnt containing th. r.»aind.r of th. CD4 coding r.glon 
(fragnant 8) r.covar.d by g.l .l.etrophor..l.. 

pSVaABKDHFR wa. diga.t.d with BfiftRI and JUttHI and fr.ga.nt 
9 ccpri.lng th. bulk of th. pl^id wa. i.olafd. FragMnt. 7, 8 
•nd 9 «„ llgatad and th. ligation .ixtur. tr.ru fon-d into *. 
coll .train 294. Th. tranafo».d cultur. wa. pl. t . d on amplelilin 
-di. pl. t .. .nd ^ r ..i.tant coloni.a ..l.et.d. Pl wld DNA v „ 
pr.p.r.d fro. tranaforMnt. and ch.ckad by r..triction analyai. for 
th. pr ...no. of th. correct fr«g-„t. Thl. pWd i. r .f.rr.d to 

** PSV * CD4DHra ' » d to diract aynthaai. of r.combinant 

intact CD4. 

A plaaaid v.. eonatruct.d to dir.ct th. .ynth.«l« of a CD4 
darivativ lacking th. putativ. tran«M«br.n. domain and met of 
th. putativ. cytopla«ic do-ain (Maddon .e .1.). Thl. wa. don. 
with th. lnt.ntlon of cr.ating a a.cr.t.d for. of CD4, baa.d on th. 
..auction that th... dcain. anchor th. CD4 glycoprotaln to th. 
c.11 ...bran., and that th.ir dal.tion would r..ult in th. 
■cr.tin f th. prduct. Thia pl.. Bl d i. r .f.rr.d t .. 
pSV.CDAANlaDHFR .nd waa corutruct.d a. follow. • 
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pUCCD4 was digested with <UtI and Iao.1 and the 331 bp 
fragaant (fragaant 10) raeevarad. pUCCD4 vac dlgaatad with Nlalll 
and leal and tha 112 bp fragaant (fragaant 11) recovered. pUCCD4 
v.. dlgeeted with BsaHI and filftlll an d the 301 bp fragment 
(fragaant 12) recovered. pCD41nt vaa dlgaatad with fiatl and fiajgHI 
and fragaant 13 eoaprlalng tha bulk of tha plaaaid _ recovered. 
Fragaanta 10, 11, and 12 vara llgatad togathar vlth fragaant 13 and 
the ligation aixture tranaforaad into S. coll atrain 294. The 
tranaforaed culture waa plated on aaplcillln aedla plate, and 
raalatant eoloniea aeleeted. Plaaaid DNA waa prepared froa 
tranaforaanta and cheeked by reatriction analysis for tha preaance 
of tha correct fragaant. Plaaaid DNA froa aavaral tranaforaanta 
vaa aequenced to enaura that the 193 bp Hltlll fragaant had been 
deleted and that the proper reading fraaa vaa reatored. JThe 
reaultlng plaaaid la referred to aa pCD&ANla. 

pCD4ANla vaa dlgaatad vlth fififiRl and BjmHI and the 1541 bp 
fragaant containing the aequence of a CD4 derivative lacking the 
transmembrane and ^oplaaaic domains recovered (fragaant 14) and 
llgatad to fragaant 9 and the ligation aixture tranaforaed Into E. 
coll .train 294. The tranaforaed culture vaa pLted on aaplcillln 
aedla plate, .nd resistant eoloniea aeleeted. Plaaaid DNA vaa 
prepared froa tranaforaanta and cheeked by reatriction analyst, for 
the preaance of the correct fragaant. Thla plaaaid 1. referred to 
aa pSVaCD4ANlaDHFR. 

( 

Both pSVeCD4DHFR and pSVeCD4ANlaDHIR vera trans fee ted into 
CHO cella by the aaae method used to eatabli.h cell line, .tably 
axpreaalng H1V-I polypeptide (Huealng, Salth and Capon. Cell 
4ft:6910701 [1987]). The., cell. var. assayed for production by 
radloiaaunoprecipltation aa described belov. While no product v.. 
detected In Initial experiaenta, subsequent experiment. . shoved that 
the above de.crlb.d coding segment could Indeed direct the 
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.ynthe.l. 0 £ a .olubl. CD* adheson variant both In CHO and 293 
calls. 

Section a 

A dlffarant expression systea was initially used for tha 
eynthesls and expression of a CD4 variant lacking coapletely tha 
cytoplasmic and transaeabrane domains. This systea usas tha 
cytoaagalovims proaotar and can ba usad in cultured calls of human 
origin. Tha first plasaid constructed for usa in this systaa 
contained tha entire coding ragion for CD* and was intended to 
function as a control in tha following studl... Xe i. referred to 
as pKKCD4. and was constructed as follows: 

PSV.CD4DHFR was diga.t.d with fififlRl and fiajuHI sad f r .g», nt 
13 containing tha antira CD4 coding ragion was isolatad. pRM 
(U.S.S.N. 97.472. fll.d Sept. 11. 1987) was diga.t.d with flaRI and 
AUHI and fr.ga.nt 16 coapri.lng th. bulk of th. pl«s» ld racovared 
by gel al.ctrophor.si.. lig.ted to fr.gaant 13. and th. ligation 
■ixtur. tran.for.ad into *. coll strain 294. Th. transforaed 
cultur. w.. pl. t .d on aapiciliin aadi. pl. t .. . nd r ..i.t.nt 
colon!.. a.l.ct.d. ria«id DNA was prepared froa transforaant. and 
«h.ckad by r..trictio« analyst. for tha prasenc. of th. corract 
fragaent. This plasaid is referred to as pRKC04. 

Tho naxt plasaid constructed was designed to direct th. 
expression of tha •bov..aention.d (S.ction 3) s.cr.t.d derivative 
of CD4. Th. coding r.gion of CD4 was fused after aaino acid 
residue 368 of aatur. CD4 to a aeouence froa pBR322 which code, for 
9 -ore re.idua. before a translation teraination codon. This 
reaove. the putatlva CD4 transneabrane and cytopla«ic doaain./ 
vhich ar. prasuaed to anchor CD4 to th. cell surface. Th. plasmid 
i- referred to a. pRKCDAT (and which produces protein c.llad CD4T). 
and was c nstructed as f Hows: 
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pSV.CD4DHFR was dlg.st.d with fla»H, blunt.d with Kl.now 
fragment and the four dHTPs, and digested with fiaiEII. The 382 bp 
fragment (fragment 17) containing pare of the CD4 coding tequence 
was recovered by gel electrophoresis. pSVeCD4DHFR vas digested 
3 with Ess" and BatBlI and the 874 bp fragment (fragment 18) 
.recovered. pBR322 was digested with Bind.ni. blunted with Klenow 
fragment and the four dHTPs, and digested with BfiflW. Fragment 19 
comprising the bulk of the plasmld was Isolated and llgatad to 
fragments 17 and 18 and the ligation mixture transformed into f . 
10 coll strain 294. The transformed, culture was plated on amplciiUn 
media platea and resistant colonies selected. Plasmld DBA wss 
prepared from tranSformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmld Is referred to 
as pCD4Tlnt. 



15 



20 



25 



30 



pRK5 was digested with BfiflRI and final and fragment 20 
comprising the bulk of the plasmld Isolated. pCOATint was digested 
with to*! and fij^RV and the 1410 bp fragment containing the CD4 
coding sequence to the Hull .it. . t 1176 bp 3' of the initiating 
codon and the 154 bp HiniUX^RV fragment of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were lig.ted and the ligation 
mixture transformed Into £. coll . tr .i„ 294 . a. 
culture was pl.t.d on amplcillin medi'a pl«t» «„d rwi.tant 
colonies selected. Plasmld DNA was prepared from transformants and 
checked by restriction analysis for the presence of th. correct 
fragment. This plasmld is raf.rr.d to as pRKCD4T. 

Section 

In ordar to create a s.cr.t.d form of C04 which could b. 
purified with an antibody directed to herpes virus type I 
glycoprotein D. a pUm. was constructed to express « derivative 
•f CD4T in which th. r.gion coding for th. mature, processed C04T 
polypeptide w«. f«,. d t0 . Mqu6nc . codlng for ^ M( 

«nd th. first 27 residue, of the mature type I Herpes Simplex Virus 
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gD glycoprotein. Thl« plasmid 1. referred to as pRKCDC04T, and «u 
constructed as follows : 

pgDTrune.DHFR m digested with IfiflRI and £0411 , n d tha 
fragment containing the coding region for the signal peptide and 
firat 27 residues of the mature HSV X gO glycoprotein was Isolated 
(fra-ment 22). pRKCD4T was digested with ZcpJU and JaiEII and 
fragment 23 containing the 3' end of the CD4 coding sequence and 
tha pRKS region was isolated. 



Synthetic oligonucleotides CD (adaptors 1-2, below) 
containing the coding sequence of CD4 fro. the codon for the amino 
tenainal residue of mature CD4 to the Bat «lte at 121 bp 3* of 
translation initiation, and containing the sequence CTGCTCCAC at 
the 5' end of the sense strand were prepared (fragment 24). P RKCD4 
was digested with B*Al and JatflX and the 665 bp fragment 
containing part of the coding region for CD4 was recovered 
(fragment 25) and ligated to fragment 24. After digestion with 
figtfll to en«ir. that only monomeric fragment was present, the 724 
20 bp fragment containing both sequences was recovered by gel 
electrophoresis (fragment 26). 



Fragment. 22, 23 and 26 were ligated and the ligation 
-Ixture transformed into S. coil strain 294. The transformed 
culture was plated on ampicillin -di. p i. t .. . nd re.i.tant 
colonies selected. PU«id DNA was prepared from transform**, and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transformers was checked to 
ensure that the synthetic insert was correct and that reading frame 
30 v.. preserved. This plasaid is referred to as pRKCDCD4T. 

Thsse pRKS derived plasmid. preferably were transacted 
into 293S cell, for stable expression according to Nue.lng, . t al 
Cell *fi: 691 (1987) with the exc ption that in .dditi „ t the 
33 ^ plasmid f interest a plasmid expressing th neomycin resists. 
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gone pRSV nao (Gonun ot al. Science 221:553-335 (1983)) was 
cotranefacted. 293 e.ll. .l.o are uaad aati.factorily a. hoat 
cella. 2 daya after transection, the cell, were pte.aged into 
•tandard nadi*. (in F12/DHE euppl..,nted with L-glutamina, 
peniciUin-atreptoaycin and 10% FBS) with 0.3 ag/al C418 (Cantleln 
• lulfate; ,Clbeo) for .election of .table call Una., rathar than in 
media containing methotrexate aa ahown by Huaaing at al. Calla 
wore aeeayed for production of CD4 or CD4 analog, by radioiaauno- 
precipitation. Binding atudiaa (.action 3c) ua.d eondltiotiad 
■uparnatanta from th.aa call, in tha 1:1 F12/DMB medium. - 
Material, uaad in inactivity aa.ay. (.action 5b) vara obtained a. 
described in aactien 8 below. 

gDCD4 adaptor 1: 
gDCD4 adaptor 2: x 

pACAWrrCACTTCWCTCTATCCCCTTTTTTCCCCACWCC^ 

The following conatituta. . .tudy of eh. neutralization of HIV-l 
infectivity by soluble CD4 analog.. A -edification of tha 
neutralization procadur. of Robart-Curoff at .1., R.cura Hfi:72 
(1985) wa. followed. Boual volu... of inhibitor aup.rn.tant and 
viru. (60 aicroliter.) were incubated at 4 degree, c for 1 hour 
then the .*». volume of H9 (Callo et .1., Science Z21:500. 1984) at 
SxlOV»l wa. added and incubation continued for 1 hour at 37 
d.gree. C. Following abaorption. 2.5x10* call, in 150 microiit.r. 
vera tranafarred to 2 al of incubation aadia. After 4 day. at 37 
degree. C, th. culture, were .plit 1:2 with freah media and 
incubated for an additional 3 day.. Cultur.. ware harve.t.d. 
rever.e tranacriptaae activity w«. »... ur6d (Groopa . n 6t al>> AJDS 
Re..«rch and lhaan Ratroviru... 2:71. 1987). and immunofluora.cenc. 
reactivity with HIV-1 po.itiv. ..rum wa. determined a. de.crib.d 
(Poi.ez . t p, c . Ac . d Nat s<jl usA ^ 
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Inhibitor .ur.nut.nt. wore obtained from eonfluent pl.t. cultures 
of 293S/CDT4, 293S/gDCD4T c.ll. or untranaf acted 293S c.U. by 
r.pLcln* incubation wdia and h«rv«.ting th/ 

supernatanta 24 hours later. Inhibitor supernatant replaced part 
or all of th. Incubation aedla during the flrat thr.e day. of 
cultura aa Indicated In th. ..cond column of Tabla 3. Challanga 
do., of viru. wa. 100 TCID 50 (Croop»an at ai., wpra) of HIV-l 
strain HTLV-IHB grown in H9 coll. «.««y« d In th. •«»« «y. t . B . 
Incubation M dl« conslstod of RPM1 1640 aedia containing 2n* L- 
glutaalne. 100 unit./.! panlclllln. 100 «icrograa./al streptomycin. 
2 alcrograas/U polybrana and 20% fatal calf soma (K.A. 
Bloproducta) . 
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Table 3 
Dilution of Indirect 
Inhibitor Inhibitor , laMnofluorescenc* 



Reverse 

tri 



■ock-trans* 








new «.n t 


ten** 




fected 


undll.; 


1:4 


63.3 


63.3 


21.8 


23.9 


aoek- trans* 














feeted 


undil.; 


1:4 


61.2 


61.1 


18.3 


28.1 


CD4T 


undll.; 


1:4 


0.4 


18.0 


0.11 


3.94 


CD4T 


undil. ; 


1:4 


0.8 


16.1 


0.15 


3.72 


gDC04T 


undll. ; 


1:4 


0.4 


26.8 


0.14 


9.92 


gDCD4T 


undil.; 


1:4 


1.4 


36.1 


0.23 


11.3 



Both fonts of soluble CD4 virtually abolished the growth of 
HIV.l. when incubated with virus- Infected c.ll. without prior 
dilution (Table 2). At a dilution of 1:4 the soluble 004 
preparation, were only partially effective i„ inhibiting virus 
growth. hom« th. level of fluorescent- positive cell. .„d reverse 
transcriptase wa. .till significantly lower than culture, receiving 
-ock-tranafected cell .up.rnatant. (Table 2). Sine there wa. no 
significant differ nc. in viru. gr ^ between dlluted ^ 
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undlluted control aupematanta. nor did any of tho aupematanta 
eff.et tho growth of uninfected H9 coll. (data not .hoim), .olublo 
CD4 protolna present in the., supernatant, were eoncludod to bo 
responsible for tho neutralization of H1V-1 Infection of H9 coll.. 

Soctlan 

To determine tho affinity constant for Interaction* between 
gp!20 and CD4 or CD4 variant., saturation binding analysis was 
carried out with .olublo CD4 and dotorgont solubillxed 

intact CD4 (La.^ . t al> c#u [lW]) aaploylng 

radlolodlnatod gp!20 labeled with lactoporoxida.. . Binding 
reaction, consisted of "Sl-gpUO (3 ng to 670 ng, 2.9 nCl/ng) 
incubated for 1 hour at 0 degrees C with coll ly..tee containing 
intact CD4 (Laskey ot .1., au^.y er cell sup.mat.ne. 
containing unlabolad CD4T or gDCDAT prepared a. de.crlbed in- 
section 3a. Reaction. (0.2.1) had a final composition of O.SX 
McDougal Ly.i. Buffer (KcDLB) (1 x McDLB cont.in.0.3 % Ronldet HP- 
40. 0.2% Ha deoxycholate. 0.12 M NaCl. 0.02 M TrleOfcl, pH 8.0) and 
vcre performed in duplicate, both in the pre.ence or abaence of 30 
-Urogram, of unlabeled purified gpl20 (74 fold or greater exce..). 
Following Incubation, bound g P 120 wa. quantitat.d by 
i-unopr.clplt.tlon and counted In a gUM counter. For 
l«unopreclpltatlon. binding reaction .olutlon. were pr..b.orb.d 
»lth 3 microliters of nomel rabbit .erum for one hour at 0'C, and 
cleared with 40 Icroliter. of Pan.orbln (10 % w/v. Calbloche.) for 
30 minute, .t 0 degree. C. Sampl.. »„. th . n lncubated overnlght 
•t 0 degree. C with 2 microliter, of normal ..rum or 5 microliter. 
(0.23 microgram) of 0KT4 monoclonal antibody (Ortho) followed by 
collection of Immune complex., with 10 microliter, of Pansorbln. 
Precipitate, were wa.h,d twice In IX McDLB and once In water, then 
•luted by .luting at 100 degree. C for 2 minute. In .ample buffer 
(0.12 M Tri.-HCl pH 6.8. 4* SDS. 0.7 M m.rc.pto.thanol. 20% 
glycerol, and 0.1% bromophenol blue). CB4 molecule, were bound 
..turably by gpl20. and yielded a .imple m... .ctl n binding curve 
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Sup.rn.tut. fro- -ock-tran.f.ct«d c.ll. g«v. . l. v .l of 
«p.cific.lly bound gpl20 I... than 1% that found for .up.rnatant. 
- containing .olubl. CD4. Se.tch.rd «naly.i. r.v..l.d . .ingl. d... 
of binding .it., on ..ch -ol.cul., with .pp«.„t diwoci.tion 
constant. (Kd) of 1.3 , W -» M, 0.83 x W« N and 0.72 x 10'» M for 
int.et CD4, CD4T and gDCD4T. r.ap.ctiwly. Th. wlu.. obtainod for 
CD4-gpl20 binding in .olutiot* . r . co-p«r.bl. to th. .ffinity 
pr.viou.iy MMU r.d for gpl20 binding to CD4 on vhol. e.ll. (Kd-4.0 
* 10*» M. Lasky. Cll, impxi). 

Wtton g, 

In ordar to produe. ..er.t.d dwivativ.. of CD4 which «r. 
£«. of «tr«»ou. «»ino .cid r..idu... two plmid. w.r. 
eon.truct.d for .xpr...io» in 293 eill.. Th. pUwid. contain CD4 
g.n«. which hav. b«.n trune.t.d without th. .ddition of .xtra 
r..ldu... and ar. "f.rred to a. pRKCD4ANl. and pRKCDATP (and which 
produc. profin. c.il.d CD4TP .nd CD&AN1.) , «d «r. conatrucfd a. 
follows: 

Fr.g-.nt 14 confining th. CD4 g.n. with th. 193 bp filalll 
r..triction. fr.g-.nt d.l.t.d wa. li g . t . d to fr.g«„t 16. which i. 
PRK5 dig..t.d with BcftRi and ^1. Th. ligation mixture w.. 
traiufor-d into E. coll .tr.in 294. th. tran.for-.d cultur. pl.t.d 
on a-picillin -di. pl.t.. and r..i.tant coloni.. ..l. ct .d 
Pl..«id DNA w- pr.p«.d fro- tran.for-«,t. and ch.ck.d by 
r..triction analyi. for th. pr...„c. of th. corr.ct fr.goi.nt. Th. 
rasulting plaaaid i« r.f.rr.d to a. pRKCD4AKl.. 

Synth.tic DNA (5'CGT CAT ACA ACC TTT CTA GAC 3') v.. Md . 
to .ttach to th. Ha.II . lt . . t 1176bp ^ ^ ^ bq attachad 

would fr-inat. tran.l.tion .ft.r a»i„o .cid r..idu. 368 of »atur. 
CD4 (fr.g-.nt 27). Th. oth.r .nd of thi. fr.g-.nt w «. d.,ign.d to 
Ug.t. to fiflfflHI r..triction fr.g«.nt.. pUCCDA w.. dlg..t.d with 
totfll .nd Ho.II and th 382bp fr.g«.nt containing p.rt of th. CD4 -- 
33 ^ gn wa, r.covr d <fr.g-.„t 28) . Fr.g-.„t. 27 .„d 28 wr lig.t.d 
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and then digested with fiifiEXX to reduee dlaerlsed fr.gm.nts to 
■onomers, and the resulting 401bp fr.ga.nc was recovered (fragment 

29). 



^1 



PRKCD4 w.. dlg..t.d inch lain and fiajaHl arid the fragment 
comprising tha bulk of tha plasmld (fragaant 30) was Isolated and 
llgatad to fragaant 29. Tha ligation mixture waa transformed Into 
K. eoll strain 294. tha transformed culture plated on amplolllln 
■edla plates and resistant colonies selected. Plasmld DNA was 
prepared from tranaformants and checked by restriction analysis for 
the presence of the correct fragment. The resulting plasmld Is 
referred to aa pSXC04TP. Both plaamlds are transfaeted Into 293 
calls to generate stable variant CD4-exprasslng ceil lines as 
described above. 
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Sect! an 7 

Two plasmlda were constructed to dlreet the expression of 
secreted CD4 -lacking axtraneoua amino add residues In CHO cells. 
These are referred to as pSV.CDAANl.SVDHFR and pSV.CD4TPSVDHFR (and 
which encode proteins having the primary aaquence of CD4AN1. and 
CD4TP), and were constructed as follows: 

PE348HBV.E400D22 waa digested with £a»X and Ea&l end the 
fragment containing the SV40 early promoter and part of the fi. 
lactamase gene waa recovered (fragment 31). pE348HBV.E400D22 was 
digested with Pjjul and BjbHI and the large fragment containing the 
balance of the l-lactamaae gene aa well as the SV40 early promoter 
«nd the DHFR gene was Isolated (fragment 32) . 

Fr.gm.nt. 31 and 32 war. lig.*& together with fragment 14 
«d transformed Into f. coll strain 294. The transformad culture 
waa plated on ampicllim m. dU pl.t.. .„ d r.sl.fnt colonl.. 
■elected, Plasmld DNA was prepared from tran.form.nt. and ch.cked 
by r..trlctlon analy.t. f r tha pr...nc. f the c rrect fragment 
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The roaulting jfcaaaid 1. r.f.rr.d to a. pSVECD4ANlaSVDHHl. Thia 
plaaaid contain- th. DMA fr.ga.nt .needing th. .olubl. CM 

■ol.cul. found In th. ab©v.-B.ntion.d plaaaid pSV.CD4ANl.DHFR 
(Section 2). 



10 
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PRKCD4TP «u dlg..t.d with BfiflRI «nd BabM and th. fr.gn.nt 
containing th. truncated CD4 coding rogion waa ijolated and lig.t.d 
to fr.ga.nt. 31 and 32. Th. ligation alxturo was traruforwd into 
*. coil .train 294, th. tranaformod cultura pl.t.d on aapicillin 
■edia pl.t.. and roalatant colon!.. ..l.ct.d. Plaamid ONA waa 
praparod fro. transforaanta and ch.ck.d by raatriction analyal. for 
th. pr...nc. of th. correct fr.ga.nt. Th. vaulting plaaaid 1. 
r.f.rr.d to aa pSV.CD4TPSVDHFR. Both of th... pUaaid. .r. 
tranafefd into CHO ell. and «plifi.d tr«naf.ct«t. a.l.ct.d by 
m.-notr«ato uaing eonvratlonal procedure*. 
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Fusion, of th. V ration of th. CD4 gen., which i. 
hoaologou. to th. rariebl. raglon of i««moglobull„ ,.„.. (r ., 
Maddon .e al. 1983), to th. con.tant (C) r.gio„ of hu»« 
1—unoglobulin a and y 2 chain, ar. eonatruct.d a. follow.: 

Synth.tic DMA i. Md . to cod. for th. C region of huoan a 
chain (r..idu.. 109-214) baa.d on th. ..qu.„c. publi.h.d by Morin 
•e -I.. Proc. Rati. Acad. Sci. ^2:7025-7029. with th. addition at 
th. 5- and of th. coding .trand of th. a.qu.nc. CCCC, which allow, 
thl. fr.ga.nt to b. ligatad to th. BjsHI ait. at th. end of th. 
putative V-lik. r . glon of cn4. At th. 3 . . nd of th . codlng reglon 
tranalational atop codon 1. addad a. wall a. a ..quenc. which 
•How. thi. .nd to be ligatad to BjaHI ra.triction fr.ga.nt.. Th. 
•ynth.tic DNA. 1. aad. in 8 fragments, 4 for .ach atrand. 70-90 
baae. long. Th... ar. th.n allowad to anneal and lig.t.d prior to 
isolation on a p lyaerylamida g 1 (fragment 33). 
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PRKC04 I. digeated with SafiRI and BjbKI end th. 478bp 
fragment containing th. region coding for th. putative v-lik. 
do-in of C04 1. r.covr.d (fragment 34). Fragment. 33 «nd 34 .r. 
llgated tog.th.r with fragment 16 (fro. th. expre.alon vector 
pWC3>. Th. ligation mixture la tranatermed Into B. coll .train 
294, th. transformed cultur. platad on ampicillin madia plat.. and 
raaiatant colon!.. a.l.ct.d. Pi„ ald n^ l9 pr . p . t-d fro- 
tran.for.ant. a™i cheeked by ra.triction ««ily.i. for th. pr...»e. 
of th. corroct fragment. Th. vaulting pl.„id 1. r .f.„. d to a . 
pRKC04Ck. 



13 



A plaamld .needing « fualon of th. CD4 V-llk. domain to th. 
h«an immunoglobulin C 7 2 raglon i. conatrucfd in . almil „ 
faahion. and i. r.f.rr.d to a. pRKCD4C 7 2. Both of th... pWd. 
«. tr«af.ct.d into 293 clla, ^.lo-a call, or oth.r co»p.t.nt 
ell. in order to obtain ell U„.. .^rwalng variant C04 
aol«cul«e aa deacrlbod above. 
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Th. gDCDAT aecreted by th. method of Exa»ple 1 „. purifi.d 
fro- ell cultur. fluid containing .ith.r 10% FBS (f.tal bovln. 
..run) or no .dd.d FBS. Th. conditions cell cultur. fluid wa. 
firat concentrated by ultrafiltration th.„ pu rl ,i. d by 
i«uno.ffl„ity chromatography. Th. immunoafflnity column wa. 
produced by coupling murin. monoclonal antibody 5B6 (whe> . Bplt8p . 
i. on th. HSV.l go portion of th. gDCD4T -ol.cul.) to glyceryl 
co.t.d controlled pore gl M . b y th. ».thod of Roy .e .1.. I 9 g4 
Th. concentrated c.11 cultur. fluid I. .p P n.d directly to th. 
column and th. contaminating protein. are waah.d avay with neutral 
PH buffer. Th. column I. th.n vaahad with neutral buffer 
containing t.tramethylammonium chloride followed by neutral buffer 
containing Tw..n 80. Th. bound gOCDAT 1. .l„ t . d freB th . colmn 
»ith -buffer at p«3 containing Tween 80 (0.1% w/v) .„ d it 
neutralized Immediat ly it lg . lut . d . ^ aluted 
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gDCD4T U th.n concantratad by ultrafiltration and 
dialytad/diafiltarad to axchanga th. buff.r for a physiological 
•alt aolutlon containing tvaan 80 at approximataly 0.1% w/v. 

If tha datorgant la not praaant th. gDCD4T forms aggragataa 
- avidanead by th. ability of cantrifugation at approxi.at.ly 
10,000 Xg for 2 «lnut.a to ra«*va th. gDCDAT fro. th. solution. 
Incubation of gOCD4T at VC in 0.1M aodiu. aetata, 0.3M W.CI a*d 
0.23M trl. at pM 7 togathar vith BSA, Twan 80 or glycrol a. 
candidate stabllK.r. .hovd that, in th. abaanc. of a stabiliaar 
tha gDCD4T gradually aggngatad ovr tha apaea of 12 day. to tha 
point vh.r. only about 60-70% of th. prot.in ».. .olubl.. Howvar 
us. of 0.1% vA Tw.n 80 or (0.3 .g/«l BSA .™ur. d that about 100% 
•r 80%. ra.pactiv.ly. of tha gDCDAT r.«ln.d .olubl. avr thl. 
15 p.riod. Surpri.ingly glycrol v„ in.ff.ctiva as a atrtilixar and 
producd r.aults inf.rior .v.. to th. control-.t 8 day. .bout 80% 
of th. gDCD4I wa. aggr.gat.d whan ator.d i„ th. pr...„c. of 
glycarol. 
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Plasnld. vara constructs to dir.ct th. .xpr...lon of 
profin. containing diff.ring Lngths of th. a.ino.t.r.in.1, 
•xtracllular do«ain of CD4 fusad to th. conatant r.gion of hu«„ 
l«unoglobulln t l. Th... pl.„ ld . „. te „ p8KCD4 

pRKC04. 47l , pWCC04 2Tl . pRJCC04. 27l , pRKCD4 l7l , . nd pRKCD4. l7l . 

Plasald ?WCCD44 7l contains tha portion of th. CD4 g.n. fro. 
th. initiation codon to th. fusion .it. aft.r tha codon for sarin. 
r..ida 366 of th. .atur. CD4 polypaptid., im.diat.ly followd'by 
th. s.ou.nc. coding for th. constant ragion of hu»a„ iamnoglobulin 
7l. atarting at th. codon for ..rin. ra.idu. 114 of wtur. human 
Immunoglobulin 7I (Rabat ae al.). 

Plaa.ld pRKCD4. 47l contains th. porti n of th CD4 g. n . 
fr . th. initiation cod n t th fu. lon . lt . « £ter th . codon . 
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lysine residue 360 of the aature CD4 polypeptide, laa.dl4t.ly 
followed by th. sequence coding for th. constant region of huaan 
iwmoglobuiin 7I. starting at th. eodon for sarin. residue 114 of 
aatur* huaan laaunoglobulln yl (Kabat it ml.). 

Plaaald pMCCD42 7 i contains th. portion of th. CD4 gone froa 
th. Initiation eodon to th. fusion sit. aft.r th. eodon for 
glutaalne residue 180 of th. aatur. CD4 polypeptide, laa.dlat.ly 
followed by th. sequence coding for th. constant region of huaan 
laaunoglobulln 7I. starting- at th. eodon for s.rln. residue 114 of 
mature huaan laaunoglobulln 7 1 (Ksbat «e al.). 

Plaaald pRXCD4. 27 l contains th. portion of th. CD4 gen. 
froa the Initiation eodon to th. fusion sit. after th. eodon for 
Wine reaidu. 177 of the aatur. CD4 polypeptide. laa.dlat.ly 
followed by th. ..quenc. coding for th. constant region of human . 
lewmoglobulln 7 1. starting at th. eodon for serine residue 114 of 
■atur. huaan laaunoglobulln 7I (Kabat «e •!.). 

Plaaald pRKC04 l7l contains the portion of the C04 g.ne froa 
the Initiation eodon to the fusion sit. after the eodon for 
espartle acid residue 105 of the aature C04 polypeptide, 
1— diately followed by th. ..quenc. coding for the constant region 
ef h««n laaunoglobulln 71, starting at th. eodon for serine 
residue 114 of aatur. huaan laaunoglobulln 7 1 (Kabat ee al.). 

Plaaald pRKCD4. l7l contains the portion of the CD4 gene 
fren the initiation eodon to the fusion site efter th. eodon for 
l.«cln. residue 100 of the aature C04 polypeptide, laaediat.ly 
fellowed by th. sequence coding for the constant region of huaan 
1-nmoglobulln 7 1. starting at the eodon for serine residue 114 of 
■eture huaan laaunoglobulln 7I (Kabat ee al.). 
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Contraction of tta, pla.»id. r.,ulr.d th. prior 
eorutructlon of ? l mid p rkcD4TP/ 7 1. It v.. conatruct.d a. 

follows: 

✓ 

A eORA don. coding for human i»unoglobulln 7 1 »«. 
obealnad fro. a bum, api..n cDNA library (Clont. eh Laboratorla. , 
Inc.) ualng ollgonuclaotlda. baaad on th. publlahad a.qu.„c. 
(Elllaon ae «J., -Rucl. Acid. Roa." 1^:4071-4079 11982]), and an 

fcaRI-Slgl frag^nt (th. *so.Ri alt. „«. contributed by a llnkar; 

••• Pig. Aa.b) containing part of th. variable and all of th. 

conat«t r.glo» v M obtain.*. Thl. frag^m: wa. blunfd 1th 

Kl.nov frag-nt. «d r.covr.d by g.l .l.ctrophor..l. (Fr.ga.nt 

•1) • 

PlMaid pRKCD4TP - kk ' «*odlng a aubatitutlonal variant of 
aolubl. CD4 (raaldu.. L368) containing a ly.t„. r .. ldu . ln . te . d ef 
"p.r.gln. . t portion 1 of th. «t«r. polyp.pt Id., conatrucfd 
fro. p!^ pRKCD4TP by alt..dlr.ct.d -utag.„..i.. A 
.llgonucUotld. wa. ..da „ . pril *r for a «t.g.„..i. taction to 
•btaln th. da.irad coding a.o^c.. TM. .vhth..l,.d M . 51 . 
»« «t contalnad two .il. Bt station, fro. th. natural ..quanta 
in .ddltlon to th. aubatltutlon station, and 21 baaa. on aach aid. 
of th. nutated codona: 

3'. CCC TTT TTT CCC CAC CAC CAC CTT CTT CCC CTC 
ACT CCC TCC TCC CAC GAO -3* 



Plaaold pRKCD4TP v« tran.for.ad Into S. coll .train SR101 
~d th. tranafor-d colonla. pl .t.d on a»plcllll„ -dl. plmtM 

30 »™T, C ° l0nlM •• 1 " Ct ' d "* 8r0Wn ln «" of 

-13K07 h.lp.r bactarlophag. to yi.ld a.cr.t.d, .ncap.ldat.d alngl.. 

•tranced t.»pl.t.. of PRKCD4TP. Th. alngl.-.trandad pl...i d 01u 
l.ol.t.d and us.d aa th. t^lat. for .ut.g.n..l. reaction, 
with th. ay„th.tlc oligonucleotide d.acrlb.d abov a. p rlaer , 
Th. .utagen «i. r .. ctl n w transforBed £> M ^ ^ ^ 
tr.nafor.ed cultur. pl .t.d „ Mp i clllln aadla p 
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Tran.foraant. «ore screened by colony hybridization (rof. 
Crunstoln.Hogne..) for the presence of tho appropriate .oquonco. 
using tho following 16 Mr a. tho probo. 

3'- C CAC CTT CTT CCC CTG -3' 
Th. hybridisation conditions cho.en wore .ufflclently .trlngent 
that tho probo only detect, tho eorroetly fuood product. Colonle. 
Idontlflod mm pooltlvo ir.ro ..looted and plamld DNA «u l.ol.t.d 
and tr.n.for-d Into B. coll .train SR101. Tho tranoforaod 
eulturo. nr. pLted on a»plcllUn aodla plat.., and roalatant 
colonlo. woro ..loctod and grovn In tho pro.onco of .13K07 
bactorlophago. Toaplato. «r, prepared a. .bov. and .crooned by 
sequencing. 

Planld pRKCDATP-kk ««. dlgo.tod with XbaX and treated with 
Klonow Enxy, and Fragment .2, containing tho linearized plawid 
va. rocovorod by gol olectrophoro.1. . and llg.tod with fragoant al. 
Tho ligation Ixturo v.. tr.n.for-d Into E. coll .train 294. tho 
transform cultur. platod on anplcillin M dla plat.. and r..l.tant 
colonlo. ..lected. Placid DNA ... p r .p«.d fro- tho tran.fora.nt. 
and chockod by ro.trlctlon an.ly.1. totth . pr-Mnc . of ^ eorr#ce 
fragnent In the correct orientation (1..., the imunoglobulln 
coding region In the . W orientation a. th. CD4 coding region, and 
•t the 3' end of the CD4 coding region). Thl. pl..»id I. r .f.rr.d 
to a. pRKCD4TP/7l. 

o 

Synthotle oligonucleotide, were ud. a. primer, for 
<Jal.tional «tageno.i. r .. c tion. to fu». th. appropriate coding 
sequence, of IgOl and CD4 a. d..crlb.d .bove. Th... w «. 
•ynth..l«.d a. 48—r. co»prl.ing 24 nucleotide, on o.ch .Id. of 
th. de.lrod fu.lon .It. (1.... corr.. P ondlng to th. COOH-tonnlnal 8 
ro.ldu.. of th. d..lr.d CD4 -oiety. and ^ ^-tormlnal 8 ra.lduo. 
of th. do.lr.d i»unoglobulln nol.ty). wUmwM pRKCD4TP/ 7 l v.. 
tranafoned. Into B. colt .tr.in SR101 and the tr.n.for-d culture. 
pUted on ««piclllln «edla plate.. Re.i.tant colonie. were 
•elected and gr vn In the pre.ence f .13K07 helper bacterl ph.ge 



WO 89/02922 



PCT/US88/03414 



-48- 



to yield ..cr.t.d, encapsulated slngle-.tranded templates of 
PRKCD4TP/71. Th. single-stranded plaamld DNA v.. l.olatad and used 
a. the template for mutagenesis reactions with the synthetic 
oligonucleotide, described above .. pr^r.. The mutagenesis 
reaction, were transformed B. coll SR101 and the transformed 
culture plated on amplclllta ».di. p Ut ... Tran.fon.nt. were 
•creened by colony hybridization (ref. Crunstuln-Hognes.) for the 
presence of the appropriate fusion site, using 16m*r. aa probes 
These 16-r. comprise 8 base, on either .Id. of th. fuelon .It., 
«nd th. hybridization condition, choaen were .ufflclently .trlngent 
that the probe, only detect the correctly fuaed product. Colon!.. 
Identified mm po.ltive were ,.i. cted ^ plMd DNA „ M 
«nd tran.form.d Into E. coll .train SR101. Th. tranafortoed 
cultur.. were plated on amplclllln media plat.., „ d r..!.^ 
13 colon!., were .elected and grown l„ the p,...^. of 

bacteriophage. Template, were prepared mm abov. and .crcened ^ 
sequencing. 
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Th. Pl"-ida were tran.f.et.d Into 293 e.U. uaing .tandard 
procedure, and ...ay.d for exprea.lon and production a. de.erlbed 
. above. 



ftrer9881>rt S«cr«f H 

pWCD* l7l ^ ™" 

23 pWe»A.27l ♦ I ' 

pWCDa 27 l ♦ + 



pRKCD4 47l + 



35 



Plaamld. al.o were constructs to direct th. expr.e.lon of 
fusion profin. containing dlff.rlng length, of th. amino- terminal 
•xtracellular domain of CD4 fu..d to th. trwic.ted portion of the 
constat region of human im«mogiobulln 7 1. comprising only the 
hinge region and constant domains CH 2 and CH 3 . 
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Synthetic oligonucleotide wr, «d. «. prlwr. for 
■ut.g.na.1. r..ction. to d.l.t. th. imunoglobulln ..««.„«. ' fro. 
S.rll4 to Cjr.213 lnclu.lv. <K.b.t .c si.). Th... vr. .ynth..i*.d 
48..-r. co.vrl.lng 24 nucl.otid.. on ..ch .Id. of th. d..lr.d 
fu-ion .It. <1.... eorr..pondlng to th. COOH-t.rmin.1 8 r..ldu.. of 
th. d..ir.d CD4 .ol.ty, th. SH 2 -t.r»ln.l 8 r..ldu.. of th. 

d..ir.d i-unoglobulin .ol.ty). Pl MBld . pR KCD4 47l . pRKCItt^ Md 
pWCCD4 l7l vr. ..p«.t.l y triuforvd into E. coll .twin SR101 .nd 
th. traforvd cultur. pl.t.d on Mplcilim -di. pl.t.. 
*«i.t«t colonl.. m, ..i. et .d «d grown i„ th. pr...*c. of 
13K07 h.lp.r b.ct.rioph.g. to yi.ld ..cr.t.d, .nc.p.id.t.d .Ingl., 
.tr-nd-d t«pl.t.. of th... pla«icU. th. .ingl...tr«d.d P W d 
DRA v, l,oUt.d «d u..d mm th. t«pl.t. for «fg.n..i. r..ctlon. 
1th th. .ynth.tic oligonucleotide d..crlb.d «ov. .. p rla . M 
Th. «ufg.n..i. r..ction. vr. tr«,fo».d E. coll SR101 
tr.n.for».d cultur. pl.t.d on ..plcillin ».dl. pi. t .. . 
Tr-n-fon-nt. vr. .cr..n.d by colony hybridation (Crun.t.lni 
Hog^..)-ror th. pr...nc. of th. .pproprLt. f„.io» .it., u.lng 
l«-.r. .a prob... Th... U „ tB eoBprl .. 8 ^ ^ ^ ^ f 

th.fu.lon .It.. .„d th. hybridation condition. cho..„ vr. 
•ufflcietly .tring.nt th.t th. prob.. only d.t.ct t*. corr.ctly 
£u..d product. Colonl.. id.ntifi.d .. p 0altlve vere .. lected 4nd 
Pl.«id DMA v. i.ol.t.d „d tr«.for-.d Into E. coll .tr.in SR101. 
Th. tr.n.forvd cultur.. vr. pl.t.d on plcillin vdl. pl« t .. 

TJT 1 ^ colonl " w# " lected *■* « n - m ln th * o* 

-13K07 b.ct.rloph.g.. T .-pl.t.. vr. p r .p« red . bove ^ 
•cr««n«d by ••quancing. 

«rnT dtrlV-d £r0 ' PlM " ld PWCCW *>1 *• to 

" ZZ"' 1 ' *~ d " lV ' d fr °" PU,Bld PRKCW 2 7 1 1. r.f.rr.d to 

;: ?Z£L7 " rl " froB pWd pRKcD41 ^ i - 



WO 89/02922 PCT/US88/03414 



IS 



20 



25 



30 



35 



•SO- 



pRJCCDftjrcl. P»KCD4lFcl «"» pWWM 4Pel « r . cultured In th. 
•eM fa.hlon a. d..erlb.d «bov «nd CHl.d.l.t.d CM ia»uno.dh..on. 
recovered u described elsewhere herein. 

3 Lirt.* rh.« w rminm 

Plasvlds war. con.truct.d to direct the expression of 
prof In. containing differing length, of the saino terminal 
extracellular doMln of CM fused to the constant region of huun 
i-unoglobuUn a. Thee. plaelds ere referred to •« pRKCDA^, „d 
10 pWCCM*.. 4 *' 

Plasald pKCDA^ contain, the portion of the CM gene from 
the Initiation codon to the fusion .it. .ft.r the codon for ..rine 
r..idue 366 of th. .ature CM polypeptide. 1—dl.t.ly followed bir- 
th. ..aura, for the con.t«t r.gion of hu«n i-wnoglobulin « 
.t»rting .t the codon for throonln. r..idue 109 of th. -tur. hum 
lanunoglobulln «. (Kabat .c ai.) 



Plaaald pWCCM^ contain, th. portion of th. CM g.n« fro. 
the initiation codon to the fusion .it. aft.r th. codon for ly.ta. 
r..ldu. 360 of th. «tur. CM polyp.ptld.. i».di.t.ly follow.d b, 
th. ..qu.no. for th. constant r.gion of hu»an i»unoglobuli„ «, 
stating at th. codon for throonin. r..idu. 109 of th. natur. hvaan 
immunoglobulin «. (Kabat it ml.) 

Th... placid. «.r. eoiutructed in a »ann.r analogou. to-- 
placid. P RKCM4 7l and pRKCM.^ de.crlbed abov., with th. 
following exception: 

Th. htiwn iaaunoglobulln a coding ..qu.nc. (Fig. 5) „„ 
obtained fro. a hu«n .pl..„ cDNA library (Clont.ch Labor.torie. , 
Xnc.) .u.i^ oligonucl.otid.. baa.d on th. publi.h.d .. q „. n c. 
(Hi.t.r. P.A. .t ml.. C.11 21:197-207 [1980]) „d an BcoRI-^! 
frag«.nt c ntainlng p. rt of th. variabl. r.gion and th .„tir. 
co M tant r.gi n wa. obt*n.d (... Flg . 5) . nii frigB(mt w 
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blunted with Kl.now fr.gm«,t «nd th. four dNTP.. Thl. fr.gm.nt v M 
u..d ln.t..d of fr.g»«,t .1. «d v M u..d to construct pl..»ld 
pRKCMTP/hn. 

Bxrasslon in ntn 

Plasmlds war. or «r. constructed to direct tho .xpre.slon 
of tho l«mo«dh..on. doocrlbod abov. in CHO coll.. Th... «r. 
r.f.rr.d to a. pSVCD4 47l SVDHFR, pSV.CD4 27l SVDHFR. 
P SV.CD4 l7l SVDHFR. P SV.CD4. 47l SVDHFR. pSV.CD4. 27l SVDHFR 
P SV.CD4. l7l SVDHFR. pSV.C04 4Pcl SVDHFR. P SV.CD4 2Fcl SVDHFR, 
pSV.CD4 1Fcl SVDHFR. pSV.CD4 4je SVDHFR and pSV.CD4 2<t SVDHFR. 

Fr.gm.nt 31 «u pr.pa»d as d..crlb.d .bovo. Fr.gm.nt 32. 
W P r «P*" d b T digesting plwmld pE348HBV.B400 D22 with fiflfflHI 
blunting with Klanow fr.gm.nt and th. four dNTP.. th.n dlg..tlng 
ith Pjui ™i i. olatlng larg . fragaent eont4lnlng ^ balanc< 
of th. /Mactem... g.„. „„, ^ mo . arly pr0BOt . r , nd ^ DHFR 

T/n. ?laMid * PRKCD4 * 71 ' PRKm ^- PRKCD *^1. PRKCD4. 47l . 
pRKCD4. 27l . P RKCD4. l7l . pRKCD4 4Fcl , pRKCD4 2Fcl , pRKCD4 1Fcl , 

pRKCD44 K »d P RKCD4 2<( «r. s.p. r . t .lv dlg „ t . d ^ ^ 
blunted with Kl.now fr.g.ont « nd th. four ^ ^ 

IfioRI «nd th. fr.ga.nt. .needing th. CD4-lg fu.lon protein w.r. 
i.ol.t.d. Th. r..ultl„g DNA fr.gm.nt. w.r. lig.t.d tog.th.r with 
fr.gm.nt. 31 and 32. .„d tr«n.for».d into E. coll .tr.i„ 294 
Colonl.. w.r. ..l.ct.d .nd checked for. the pr... nc . of th. correct 
pi— Id above, th.,, tran . f . ct . d lnto qjq c>llg md mpUflad by 
rn.thotr.xat. selection using conventional proc.dur... 

Cu l ture Piirtftcstum WT1 d fon^UMn. m Tnr1 nnn 

Plwmld. .ncodlng .olubl. CD4 .dh..on. .uch mm CD4T, CD4TP 
or .olubl. CD4 lmmuno.dh.son. w.r. c.lcium phosph.t. tran.f.ct.d 
Into CH0-DP7 (. prolnsulln-traruformed autocrine ho.t c.ll d.rlv.d 
from CHO; U.S.S.H. 97.472) .nd th. tran.form.nt. grown In ..l. ctlv . 
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-alum (1.1 HAN F12/DMEM CRT" confining 1 - 10% dlafllt.r.d or 
dialyz.d bovine ..(«.). Other auitabl. ho.t cell. « r . CHO cell, or 
293S hu-n embryonic kidney coll.. Th. trtufonumt. «r. 
amplified by methotrexate .election In the , m ..dim, but 
containing 500 nm methotrexate. A Mbelone capable of .ecretlng 
CD4TP, CD4tp 500 b, we. .elected. CDfttp 500 b 1. cultured In a 
DHEK/HAH P12 m.dium .t .bout 37»C until COAT? accumulate, in the 
culture, «fter which the medium 1. separated fro. the cell. and 
liuoluble utter by centrlfuglng. 

Culture fluid fro. CD4TP tran.form.nt. ««. concentrated end 
diafiltered to lower the ionic etrength. The concentrate wa. 
paeaed through . large volume of Q-Seph.ro.. exclung. re.in 

(pr.viou.ly equilibrated with 23 mM Had. pH 8.5) l„ order to 
•daorb co«t«in«t. fro. the culture fluid. Th. l.o.l.ctric point 
of CD4TP 1. about 9.5. thu. .eking it po..ibl. to di.cri.ln.te 
bet— „ truncated font, of CD* end mo.t contaminant, by elt.rn.te ' 
sorption, re.peetiv.ly, on . e .tion exchange re.in .uch a. 
crboxyuthyl or wlfonyl Seph.ro... .„d « anion exchange r..ln 
•uch a. quaternary a»onlu. Seph.ro... i„ .dditlon. .inc. highly 
•lectropoeitiv. domain. . r . pr...„t 1„ the extracellular ..g»e„t of 
CD4 any dtt-containlng variant I. purified in th. .a« a f Mhlon „ 
CD4TP. The unadaorbed culture fluid fro. the anion exchange re.in 
•tep wa. then p....d through a cation exchange re.in (pr.viou.ly 
equilibrated with 25 jM Had at pH 8.5) whereby CDATP v.. .deorbed 
to the reein. Th. CD4TP wa. elut.d with a K.C1 gradient at pH 8.5 
thi. CD4 variant el„ti„g . t about 0.2 M Nad. Amoniu. .ulf.t. wa. 
«dd.d to th. eluat. to a concentration of 1.7H and the .olutlon 
P-..d through a column of hydrophobic interaction chromatography 
r..ln (phenyl or butyl Seph.ro..). Th. CDATP v.. .l„ t . d £roB the 
hydrophobic interaction column with a gradient of ammonium .ulf.t. 
th. CD4TP emerging at about 0.7M ammonium .ulf.t.. The eluat. wa, 
concentrated and buffer exchanged on a C-25 column u.i„g pho .ph.t. 
buffered ..line containing .02 % (v/v) Twe.n 20 r Twe.n 80. The 
C04TP va. .olubl. and .tabl. i„ thi. . lution, which wa. .t.ril. 
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filtered and filled Into vial. as an aqueous formulation. Other 
polymeric nonlonle surfaeeanta ara suitably uaad with tha CD* 
formulations, including Pluronlc block copolymers or polyathylana 
glycol. 

It is also possibla to employ immunoaffinity purification 
of solublo CD* wherein tha CD* is adsorbed onto an immobilized 
antibody against CD*. This method suffers from the disadvantage 
that elutlon of the soluble CD* under acidic conditions leads to 
protein aggregation that ia only thoroughly ameliorated at 
relativaly higher level, of surfactant. The foregoing procedure 
permita the use of much lover quantities of surfactant, about from 
0.01 to 0.10 % <w/v) surfactant. 

4 

The procedure followed for the purification of CD* fusion, 
with immunoglobulin heavy chain «. to concentrate recombinant 
sup.rn.trat. by ultrafiltration and thereafter adsorb the fusion 
onto resin-immobilised Staphylococcal protein A. The fusion was 
•luted with 0,1M citrate buffer pH 3 with no salt or detergent. 
This preparation la buffered into Tris buffer at pH 7.5. The 
immunoglobulin fusions with CM Vl-VA optionally are further 
purified by the procedure described above for unfused CD4 variants. 
CD* immunoglobulin fusions with CD* VI- V2 also may be purified by 
the procedure above, except that it la not expected that the 
isoelectric point of this claas of molecules will be as alkaline as 
that of species containing all four V regions of CD4. 

The characteristics of several adheson variants were 
determined. A. shown in table * the lmmuno.dhe.ons a* byl « nd 
CI*2 7 1 «how improved pl^ half-lif. in rabbits, coupled with 
high-affinity gpl20 binding and .„ affinity for Fc 7 receptor 
(determined with 0937 cell.) that i. comparable to that of bulk 
huaan IgCl. 
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Tabla 4 

gpl20 KD (nM)* Fc 7 R KD (nM)* Plaama Half-Ufa** 



0.25 
6.4 
40.6 



CD4T« 2.3 ± 0.4 Hot datactad 

1-2 ± 0.1 2.83 ± 0.23 

^Tl . " 1.* ± 0.1 3.01 ± 0.68 

hu— ilgCl HP** 3.52 ±0.3 21 day.* 

* datanlaad In buaana 

IS * KD va. datarainad by tha Mthod of Andaraon at ml 

laaunol." 125:2733. 97A1 Moan\ ~—raon ac 



20 



# awTf"** * ■" th ° d °* Saith -t -J - • •Scl.nc.- 224:1704.07 
I raalduaa 1-368 only 

++ Tha tdhMm ntlmt w lnjactad lntr.vanou.ly into rabbit, and 
** Not don* 
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Claims: 

1 



Nucleic acid .needing an amino acid sequenca variant of an 
adhason. 

2. tha nucleic .eld of clala I wherein th. adha.on 1, . C04 
polypeptide. 

3. Tha nucleic acid of claim 2 wherein tha variant 1. a CD4 
polypeptide In vhlch nucleic acid aneodlnf tha trannanbrana 
do-in ha. ba. n modlfl.d vh.r.by tha CD4 polypaptlda aneodad 
thereby contain, an inactivated tranamambrac* domain. 

4. Th. nucleic .cid of claim 3 wherein the tr««wb r .n. domain 
h*. bean in.ctiv.tad by if dal.tlon or by instituting for 
th. tran»e«br«n. domain an «ino acid ..ou.nc. having . 
•ub.tMiti.lly hydrophilie hydropathy prof 11.. 

3. Th. nuel.ic acid of claim 2 wh.r.ln th. variant co«prl... a 
fuolon of (.) . polypeptide different fro. the CD4 and (b) a 
CD4 polypeptide. 

5. Th. nucleic .eld of claim 3 wherein th. polypeptide dlff.r.nt 
from th. CD4 baara a non-CD4 lamuna epitope. 

The nucleic acid of claim « vhareln the polypeptide different 
fro. CM 1. fua.d to th. amino or c.rboxyl frmlnu. of matur. 
CD4 and the trmwabrtn. domain of CD4 ha. been Inactivated. 

»• The nucleic acid of dal. 3 wherein the different polypeptide 
comprise. . signal sequence. 

The nucleic acid of claim 3 wherein th. different polypeptide 
contain, about from 3 to 1000 residues. 



9. 
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10. Th. nucleic «cld of claim 9 wherein th. different polypeptide 
1. capable of eliciting . humoral tan. reapona. in an 



11. The nucleic acid of eUi. 10 wherein the different polypeptide 
la • viral polypeptide or an allergen. 

12. Die nucleic acid of clai. 3 wherein the different polypeptide 
ie a human pl^ protein having a plaema half life greater 
than fro. which the transmembrane domain has been deleted. 

13. Th. nucleic acid of claim 12 wherein th. variant i. . fusion 
of a polypeptide comprising at l. Mt one v-like domain of CD* 
fused with a polypoid, comprising an immunoglobulin constant 

15 doaain. 

14. Th. nucleic acid of claim 1 wherein the adheson la CD4, CDS or ' 
the high affinity ZgB raceptor. 



35 



13. Th. nucleic acid of claim 2 wh.r.i„ th. variant consist. 
...entially of th. V x through V 4 or Vjl through V 2 region, of 
th. CD4 antigen. 

16. Th. „ucl.ic acid of clai. 2 which con. lata ....ntlally of th. 
CD4 insert of pCMoNla. 

17. Th. „ucl.ic acid of claim 12 wh.r.in th. dlff. r .nt polypeptide 
i« albumin, •pollpoprot.ln or transferrin. 

18. Th. nuci.ic acid of claim 8 wh.r.i„ th. .ignal ..ouenc. i. . 
bacterial signal aequence. 

19. Th. nucleic acid of claim 15 wh.r.i„ the" variant conal.t. 
•ssentially f CD4 reslduee 1-368. 
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20. Th. nucl.lc .eld of clai. 15 «h.r.m th. v . rl . nt eon-lgt . 
••a.ntlally of CD* raalduaa 1-180. 

21. nucl.lc acid of eUta 13 «har.ln th. 1-unoglobulin 
constant domain 1, th. conetant do»aln of an igC hoavy chain. 

22. Th. nucl.ic «cid of clai. 5 vh.r.in th. dlff.r.nt polyp.ptld. 
la . cytotoxic polypeptide. 

23. Th. nucLic acid of clai. 5 «h.r.in th. cytotoxic polyp^tidc 
ia th. diptharia toxin A. 

24. A co-poaltlon co«prlaing an .dh..on amino add a.au.ne. 
variant which i. ineapabl. of e.U ».«bran. anchorag.. 

.25. Th. coapoaition of clai. 24 wh.r.l„ th. adh.aon variant . 
conpri... « C04 a-ino acid ..qu.nc. capabi. of binding gpl20. 

26. Th. eonpo.ltlon of clai. 25 furth.r co-prlalng an .g.„ t for 
inhibiting th. aggregation of th. variant a.l.ct.d froa th. 
group of a pr.d.t.r»ln.d protein and a aurfactant. 

27. Th. co^oaition of clai. 26 *h.r.l„ th. ag.„ t I. . 
aurfactant. 



28. Th. co-poaltlon ef clai. 27 wherein th. aurfact«it la 
or Twin 20. 



Tveen 80 
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29. Th. co»po.ition of clai. 25 therein th. C04 tran^ran. 
oo~ln tuui been deleted or ha. b..n aubetltufd for by an 
«lno acid ..auenc. l«vi„g . .ub.tanti.lly hydrophilic 
hydropathy prof 11.. 

30. Th. co-po.ltlon of clai. 29 which i. at.ril. and vhich furth.r 
c mprl... « phyai i giclly acc.ptabl. c.rri.r. 



WO 89/02922 



PCT/US88/03414 



.38. 



10 



13 



20 



23 



30 



31. Th. eoapoaition of elaia 23 wh.r.in th. variant eoapris*. «, 
laaunoglobulln aaino acid a*qu*ne*. 

32. Th* eoapoaition of elaia 31 wh.r.in th* iammoglobulla 
••qume* eoaprla*a a eenatant doaain uqumei of an 
laaunoglobulln heavy chain. 

33. Th* eoapoaition of elaia 32 wh.r.in th* constant doaain la 
linked at lta H-tarminua to tho C-tarainua of a tranaaaabran*. 
dalatad CD* polypaptld*. 

34. Th* coapoaition of elaia 33 wh.r.in th* CD* polyp.ptid. 
contain* vj^. 

33. Th*. co«po.ition of elaia 33 wh*r.in th* CD* polypoptid* . 
eontaina V1V2V3V4. 

36. Th* eoapoaition of elaia 31 *h*r.ln th. th. variant la in th* 
fora of • diaor. 

37. Th. eoapoaition of elaia 36 wh.r.in th. eoapoaition eoapri... 
a fuaion of a CD* V-lik. doaain to an laaunoglobulln heavy 
chain eenatant doaain. 



38. 



33 



Th. eoapoaition of elaia 31 wh.r.in th. variant la aeleefd 
froa th* group consisting of 
(•) AC L ; 

(b) AC L .AC L ; 

(c) ACh-JACh. AC L -AC H , AC L .V H C H . V L C L .AC H , or V l C l -VhC h ) ; 

(d) AC L .AC H .[AC H . AC L .AC H . AC l .VhC h , V L C L -AC H . or V L C L .V H C H J; 
(•) AC l .VhCh.[ACh, AC L -AC H . AC L .V H C H . V L C L .AC H . or V L C L .V H C H J; 
<f) V L C L .AC H .[AC H . AC L .ACh, AC L .V H C H . V l C L -AC h , or V L C L -V H C H ] ; 

<«) tA-YJ n .[V L C L .VHC H ]2 
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wherein A la a CD4 polypeptide containing a CD4 varlabla 
region-like domain; V L , V H . C L and C H represent light or heavy 
chain varlabla or constant deaalna of an Immunoglobulin; n la 
an Integer; and Y deslgnatoa the residue of a eovalent c re- 
linking agent. 

39. The composition of claim 38 wherein the V L and 7 H domains are 
capable of binding a predetermined antigen. 



10 



40. The composition of claim 31 wherein the immunoglobulin 
sequence la obtained fro. IgCl, IgC2. IgC3. IgC4. IgA, IgE. 
IgD or ZgM. 



IS 



41. The composition of claim 23 Wherein the variant coaprlses a 
polypeptide different from CD4 which Is nonlasunogenlc in 
humans. 



20 



42. The composition of claim 41 wherein the variant comprises a 
polypeptide which is immunogenic in humans. 

43. The eompoaition of claim 41 Wherein the variant comprises a 
polypeptide having a human plaama half life which is greater 
than about 20 hours. 



23 
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44. The composition of claim 41 wherein the variant comprises a 
human transferrin, apolipoproteln or albumin polypeptide. 

45. The composition of claim 23 wherein the variant comprises a 
cytotoxic polypeptide. 

46. The composition of claim 45 wherein the cytotoxic polypeptide 
la rlcln A chain or dlptherla toxin A. 

47. A polypeptide comprising a CD4 amino add sequence capable f 
binding gpl20 which 1. cr s.-ltaked t (a) p lypeptide having 
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a plana half_llfe of greater than about 20 hours or (b) a 
cytotoxic polypeptide. 

48. Tha polypeptide of elala 47 wheieln tha polypeptide of (a) la 
traaafarrln, an apellpepretaln or albumin. 



49. 



Tha polypeptide of dai. 47 wherein tha cytotoxic polypaptlda 
la croea-llnked to tha CD4 varlable-Uke domain by . 
blfunctlonal eroaa- linking agent. 

30. A method for praparlng an adhaaon variant compri.ing 
tranaf acting a hoat call with tha nuclalc acid of clal. 1. 



51. 



52. 



A method for praparlng an adhaaon variant eonprlalng 
recovering tha variant fro. the culture of a hoat call 
tranafected with tha nucleic aeld of elala I. 

tha method of clal. 51 wherein tha adha.on la CD4 and tha 
variant la recovered fro. tha culture medium of tha hoat call 
or fro. tha call Itself . • 

53. Th. method of clal. 52 wheraln th. variant 1. recovered by 
adaorptlon onto a cation axchange realn. 

25 54. The -thed of clal. 53 wherein th. variant 1. recovered by 

adaorptlon of contaminant* onto an anion axchange re.ln. 

The -thod of clal. 52 whareln th. variant lack. . functional 
transmembrane domain. 



55. 



56. 



Th. -thod of clal. 52 wherein wherein a .alt 1. added to th. 
eultur. medium to occupy charged domain, of tha variant, the 
reacting aolutlon 1. contacted with a hydrophobic affinity 
chromat graphy re.ln t ad. rb the variant, and the variant- 
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•luted fro. the re.in by vwhlng the re.in with a declining 
gradient of salt. 

The M thod of del. 32 wherein the variant 1. recovered by 
lanwnoaffinlty ehroaatography. 

the .ethod of clai. 37 wherein the imunoaffinity 
chromatography la directed againat a polypeptide different 
fro. CM which la fuaed to CM. 

A ..thod for the tmtmt .f an HIV Infection compri.ing 
ad^nlatering to a patient infected with HIV a therapeutically 
effective doae of an artno acid aequence variant of CD4. 

A replicable vector coapri.lng the nucleic add of clal. 1. 
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CUatiffottow Syttsm { 
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Cell, vol. 42, no. 1, August 1985, 
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